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ABSTRACT 


In the present study the hemipenis morphology of 28 Chamaeleo species and 2 
Brookesia species is described. Data on hemipeneal morphology of 44 Chamaeleo 
species and 15 Brookesia species available from literature are reviewed. The combined 
data, comprising approximately 70 % of the known chameleon species, are analysed 
and discussed, i. e. the homology of hemipenis characters is demonstrated and their 
relative apo- or plesiomorphy established. Subsequently a phylogeny of chameleons 
based on hemipeneal characters is formulated. The hemipenis character transformation 
series are compared with similar series of karyological, osteological and lung- 
morphological character sets and the congruence of polarity demonstrated. The data 
of the different character sets are combined into a phylogeny of chameleons. This 
phylogeny is discussed in relation to zoogeographic hypotheses, especially that concern- 
ing the vicariance of Malagasy and African species. The current classification of 
chameleon species that are lumped together in two gerena, viz. Brookesia Gray, 1864 
and Chamaeleo Laurenti, 1768, does not coordinate with the phylogenetic relationships 
discussed. Therefore a revised classification is proposed: within the family 
Chamaeleonidae two subfamilies are recognized, viz. the Brookesiinae and the 
Chamaeleoninae. Furthermore, within the Brookesiinae two genera are recognized, viz. 
Brookesia and Rhampholeon, and within the Chamaeleoninae four genera are recogni- 
zed, viz. Calumma, Furcifer, Bradypodion and Chamaeleo. 


INTRODUCTION 


The study of the structure of male external genitalia has proven to be very useful con- 
sidering the consequences for the systematics and classification of many divergent 
groups. If we restrict ourselves to the Squamata it is especially in snake systematics that 
the study of the hemipenes has been incorporated as a routine in systematic practice 
(Cope 1894 & 1895; Dowling & Savage 1960). Hemipeneal studies in lizards are less 
common and, moreover, seldom leave the descriptive stage although there are, mostly 
recent, exceptions, e. g. Cope (1896), Böhme (1971), Arnold (1973, 1983) and Branch 
(1982). The Chamaeleonidae seem to be an exception as far as the number of papers 
on hemipenis morphology is concerned, the nature of these papers is, however, mostly 
fairly descriptive. 


Cope (1896) introduced the study of hemipenis morphology to chameleon systematics 
when he mentioned some structural characteristics of the hemipenes of Chamaeleo 
chamaeleon, C. gracilis, and C. pardalis. Some 50 years later McCann (1949) and 
Loveridge (1953) described the hemipenes of C. zeylanicus and Brookesia platyceps 
respectively. Only in 1965, however, Domergue started a very successful period of study 
with regards to chameleon systematics in general and hemipeneal morphology in par- 
ticular. Numerous new species of the genera Brookesia and Chamaeleo from 


Madagascar were described by him and his colleagues. Moreover, the meagre 
knowledge of hemipeneal morphology was greatly expanded by the numerous detailed 
descriptions of the hemipeneal structure in these new but also already known species. 
Information on the hemipenes of the following taxa was recorded: 

Brookesia betschi (Brygoo, Blanc £ Domergue 1974 b), B. bonsi (Ramanantsoa 1979), 
B. ebenaui (Brygoo, Blanc & Domergue 1974 b and Brygoo & Domergue 1971), B. 
legendrei (Ramanantsoa 1979), B. n. nasus (Brygoo, Blanc & Domergue 1972 a), B. 
peyrierasi (Brygoo & Domergue 1969 d, 1975), B. ramanantsoai (Brygoo & Domergue 
1975), B. stumpffi (Brygoo, Blanc € Domergue 1974 b), B. therezieni (Brygoo «€ 
Domergue 1970 a), B. thieli (Brygoo & Domergue 1969 b), B. tuberculata (Brygoo & 
Domergue 1975), B. vadoni (Brygoo & Domergue 1968), Chamaeleo angeli (Bourgat 
1971), C. balteatus (Brygoo € Domergue 1969 c), C. belalandaensis (Brygoo & 
Domergue 1970 b), C. bifidus (Domergue 1965 and Ramanantsoa 1978), C. boettgeri 
(Brygoo 1971), C. b. brevicornis (Domergue 1965 and Brygoo & Domergue 1970 c), C. 
b. hilleniusi (Brygoo, Blanc & Domergue 1973), C. b. tsarafidyi (Brygoo & Domergue 
1970 c), C campani (Domergue 1965), C. capuroni (Brygoo, Blanc & Domergue 
1972 b), C. cucullatus (Brygoo & Domergue 1970 c), C. g. gastrotaenia (Domergue 1965 
and Brygoo, Blanc & Domergue 1970), C. g. andringitraensis (Brygoo, Blanc & 
Domergue 1972 b), C. g. guillaumeti (Brygoo, Blanc & Domergue 1974 a), C. g. maro- 
jezensis (Brygoo, Blanc & Domergue 1970), C. labordi (Domergue 1965), C. lateralis 
(Domergue 1965), C. malthe (Brygoo & Domergue 1970 c), C minor (Ramanantsoa 
1978), C. nasutus (Domergue 1965), C. oustaleti (Domergue 1965 and Bourgat & 
Brygoo 1968), C. pardalis (Domergue 1965 and Bourgat 1969), C. parsonii (Domergue 
1965 and Brygoo, Blanc & Domergue 1972 b), C. petteri (Brygoo & Domergue 1969 a 
and Ramanantsoa 1978), C. peyrierasi (Brygoo, Blanc & Domergue 1974 a), C 
rhinoceratus (Domergue 1965), C. figris (Bourgat & Domergue 1971), C. tuzetae 
(Brygoo, Bourgat & Domergue 1972), C. verrucosus (Bourgat & Brygoo 1968) and C 
willsii (Brygoo & Domergue 1966). In his two monographs on Malagasy chameleons 
Brygoo (1971, 1978) summarized the hemipeneal characteristics of most of these 
species. 


Recent literature concerning the hemipeneal characteristics of African chameleons is 
far less comprehensive and ranges from incidental observations on the hemipenes of 
Brookesia platyceps, B. marshalli, B. nchisiensis, Chamaeleo dilepis, C. melleri, C. 
mlanjensis and C. pumilus (Broadley 1971), to detailed descriptions of the hemipenes 
of a particular species, viz. C. chamaeleon (Klaver 1981 a) and C. calcaricarens (Böhme 
1985) or of the species of a particular species group, viz. C. pumilus cum suis (c. s.) 
(Raw 1976) and C. bitaeniatus c. s. (Böhme «€ Klaver 1980). 


As a result of these studies our knowledge of the hemipenis morphology of Malagasy 
species is virtually complete, whereas that of African species is still fragmentary. 
Moreover, the descriptive terminology is both confusing and inconsistent because 1) 
different languages were used, 2) different authors using the same language coined dif- 
ferent terms to similar structures and 3) in successive articles the same author(s) used 
the same term for different parts of the hemipenes. 


In this paper we shall first introduce a more uniform terminology relating to 
hemipeneal characters as found in chameleons to remedy this terminological confusion. 
Subsequently, we shall employ this terminology to describe the hemipenes of a large 
number of mainly African chameleons. The combined descriptive data will then be 
compared, the observations and interpretations of previous authors commented on and 
the nature of the perceived similarities and differences in hemipeneal morphology 
evaluated and discussed. This is not to say, of course, that hemipenis characters have 
not been compared previously to confirm or refute assumed affinities (cf. literature 
cited above). However, the descriptive nature of most of these studies and the lacunae 
in the knowledge of hemipenis morphology in the Chamaeleonidae thus far forestalled 
the comparisons to lead to a formulation of hypotheses concerning the homology of 
various hemipenis characters, the sequence of character transformation and the 
phylogenetic relationship of chameleons at large. The hemipenis character transforma- 
tion series are compared with similar series of other character sets, notably 
karyological, osteological and lungmorphological ones, to establish the amount of (in-) 
congruence between the various series. Only the knowledge of lung-morphological and 
hemipeneal characters is sufficiently complete to allow the construction of complete 
transformation series. Data concerning karyological and osteological characters are 
fragmentary, but sufficiently distributed among chameleon species to give an indication 
of polarity that can be compared with the ones of the complete series. A phylogeny of 
Chamaeleonidae based on hemipeneal characters is formulated and compared with the 
phylogeny as proposed by Klaver (1981 b) with the help of lung-morphological 
characters. It is demonstrated that like synapomorph lungcharacters synapomorph 
hemipenis characters are indicative of monophyletic groups at supra-specific level, thus 
defining clusters of related species. Lastly a phylogeny based on the combined data is 
constructed and discussed in relation to zoogeographic data. The phylogeny enables us 
to reconsider the present classification of the Chamaeleonidae in two genera, viz. 
Brookesia Gray, 1864 and Chamaeleo Laurenti, 1768. If the classification of 
chameleons is to coordinate with the phylogenetic relationships as deduced from the 
corporate comparative data then a revised classification has to be proposed. This revis- 
ed classification presented in this paper is, of course, still provisional and to be tested 
with the help of additional comparative studies on other character sets. We think, 
however, 1t provides a proper framework for these studies to start from and, eventually, 
to improve on. 


MATERIAL AND METHODS 


The material of this study originates from the following institutions (followed by the 
institutional acronyms in parentheses): 


British Museum (Natural History), London (BM), 
Muséum d’Histoire Naturelle, Geneve (MHNG), 
National Museum, Bulawayo (RMB), 
Naturhistorisches Museum, Vienna (NHMW), 


Universitetets Zoologiske Museum, Copenhagen (UZM), 

Zoologisches Forschungsinstitut und Museum Alexander Koenig, Bonn (ZFMK), 
Zoologisch Museum, Amsterdam (ZMS), | 
Zoologisches Museum der Universität, Berlin (ZMB), 

Zoologisches Museum der Universität, Hamburg (ZMH), and 

Zoologische Staatssammlung, München (ZSM). 


The acronyms used are according to Duellman et al. (1978) and Leviton et al. (1980). 
Most of the material originates from the rich collection of the ZFMK, where it is a 
general policy to conserve as many specimen with everted hemipenes as possible. The 
method of hemipenes preparation is sufficiently known from literature (cf. Böhme 
1971), in addition to everted hemipenes numerous inverted hemipenes were prepared 
and studied in the way described by Böhme & Klaver (1980). In case of these inverted 
hemipenes and of hemipenes strongly resembling the previously described one no il- 
lustration will accompany the description. 
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STRUCTURAL TERMINOLOGY OF THE CHAMAELEONID HEMIPENES 


Figure 1 and 2 provide schematic drawings of chamaeleonid hemipenes that unite the 
principal ornaments presently known in a combination that will, however, never be 
observed in nature. In the following lengthy but necessary review we revise the existing 
and confusing terminology pertaining to these ornaments and propose a limited 
number of general terms with which hemipenis characters can be described adequately. 
For instance, the term ’calyces’, indicating the ornamentation of the mesial part of the 
hemipenes, originates from Cope (1896) and has generally been used in literature on 
snake and lizard hemipenes ever since. Not in the French literature however, that excells 
in proposing new terms. ’Cellules’ (Domergue 1965), ’réseau de cellules polygonales’ 
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(Brygoo & Domergue 1969 c), ’alvéoles polyédriques’ and ’réseau alvéolaires” (Bourgat 
1971) have been used instead to name only a few of the synonyms. Variation in 
hemipenis morphology must, of course, be acknowledged, but when characters do not 
seem to differ significantly new terms are superfluous. Therefore we shall treat as 
synonyms the different terms found in literature that indicate (sometimes quite) dif- 
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Fig. 1. Schematic hemipenis, uniting the principal characters found in the genus Chamaeleo. For 
explanation of terms see text. 
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ferent states of the same character. We are fully aware that this proceeding implies a 
less descriptive attitude and involves a good deal of interpretation. We think, however, 
this is justified by the remaining text of our paper. Besides, almost every paper can be 
considered a fraud the way it presents the sequence of data gathering, discussion and 
conclusions as the distinction between description and evaluation is not an absolute 
one. Major synonyms will be indicated between punctuation marks and when the same 
term has been used to indicate different parts of the hemipenis it will be commented 
on separately. Finally new terms will be introduced when a proper terminology is not 
available and, of course, when entirely new structures are described. 


In the ordinary chameleons (genus Chamaeleo, Fig. 1) the shape of the everted 
hemipenis is generally subcylindrical or slightly clavate. In the pygmy chameleons 
(genus Brookesia, Fig. 2) the everted hemipenis is mostly strongly clavate. In both 
groups the hemipenes are simple or at the most slightly bilobed at the distal end. In 
a hemipenis the following parts can be distinguished: 


Proximal part or pedicel (derived from pediculus = diminutive of pes = foot) i. e. a 
relatively short basal part of the hemipenis that is characterized by its smooth surface 
(synonyms: ”pedicil” McCann 1949 partim; Böhme & Klaver 1980 and Klaver 1981 a; 
"pédoncule”, Brygoo & Domergue 1969 c and subsequent French papers on the subject). 


m Nen err OA . crest or 
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papillary field 
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projection elongate papilla 


Fig. 2. Schematic hemipenis, uniting the principal characters found in the genus Brookesia. For 
explanation of terms see text. 
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Mesial part or truncus (synonyms: ’pedicil’, McCann 1949 partim and ’corps’, Bourgat 
& Domergue 1971 a. o.) In Chamaeleo the truncus is ornamented with shallow pockets 
between retiform ridges that are commonly known as calyces, hence the surface is said 
to be calyculate (synonyms: ’reticulately honeycomb-like pits’, McCann 1949 and the 
terms mentioned at the beginning of this section). The calyces may vary in depth, size 
and shape, the ridges surrounding them may either be smooth, fringed, serrated or den- 
ticulated at the outer margin. In several species the calyces are so deep that the surroun- 
ding ridges overlap and give the truncus a laminate appearance. Other terms relating 
to this condition are: ’flounced’, ’ridged’ and ’plicated’ (Cope 1896 and McCann 1949); 
’franges cellulaires’ and ’collerettes superposées à bord frangé’ (Brygoo € Domergue 
1969 c). If the free margin of the ridges is extremely fringed the entire truncus appears 
to be coarsely papillate. In Brookesia the truncus bears no calyces and has a smooth 
surface, consequently a distinction between pedicel and truncus is not possible. 


Longitudinally along the pedicel and the truncus runs the sulcus spermaticus bordered 
by sulcal lips (synonyms: ’gouttière, Bourgat & Brygoo 1968 and ’sillon’, Brygoo & 
Domergue 1969 c). As to the sulcal lips the following synonyms have been recorded: 
’]evres du sillon”, Bourgat 1971 and ’levres externe’ and interne’, Bourgat & Brygoo 1968 
a. o. The surface of the sulcus is always smooth, that of the lips may either be smooth 
or set with traces of the ridges that surround the calyces. The sulcal lips may diverge 
distad and continue as a ridge that encircles the distal part of the hemipenis, thus clear- 
ly separating this latter part from the truncus. If this ridge is present the condition is 
called capitate. The ridge itself is known under the name ’collerette’ (Bourgat & Brygoo 
1968) and ’bourrelet’ (Bourgat 1969). In the non-capitate condition the distal part of 
the hemipenis and the truncus can also be differentiated, because the truncus bears 
calyces whereas the distal part does not (for terminology relating to this condition see 
below). In Brookesia no such distinction can be made because of the absence of calyces 
as well as the capitate condition. 


Distal part or apex. The apex may be single or slightly bilobed and bears mostly an 
elaborate ornamentation. The various ornaments are generally arranged in bilateral 
symmetry, 1. e. ornaments are present in pairs, making the left part of the apex a mirror 
image of the right part (unlike Figs. 1 and 2, in which for the sake of brevity the prin- 
cipal, mostly paired ornaments are depicted singly). The plane of symmetry is thought 
to run lengthwise through the hemipenis from the upper or truncal part of the sulcus 
spermaticus to the opposite asulcal surface of the hemipenis. Single ornaments are 
generally situated medially at the apex in the plane of symmetry. All apical ornaments 
are mostly confined to the sulcal-central surface of the apex, although this condition 
may be exaggerated by insufficient eversion of the hemipenis. The apical surface sur- 
rounding the ornaments is smooth (synonyms indicating this condition: membranous 
apron’, Cope 1896; ’partie terminal lisse’, Bourgat & Brygoo 1968; ‘dôme’, Bourgat 1969 
and ’döme lisse’, Ramanantsoa 1978). In C. chamaeleon and C. zeylanicus the apex 
bears a papillate or serrate transverse ridge ('glottis-like structure, McCann 1949 and 
’Reihe von Papillen”, Klaver 1981 a). The ornamentation of the apex may include the 
following components: 
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a) Papillae, i. e. fleshy and pliable projections varying in size and shape from short to 
elongate, from blunt to pointed and from broad to slender, can be found on the 
hemipenes of both Brookesia and Chamaeleo species. Papillae may either be single, 
grouped in pairs or rows, evenly scattered over the apex or concentrated on various loca- 
tions on the apex in papillary fields (Böhme & Klaver 1980). Especially near the median 
of the apex in either asulcal, central or sulcal position numerous small papillae-like 
structures or sometimes somewhat more complex structures have been described with 
the help of almost equally numerous terms. In C. pardalis a pair of small conical 
papillae (or one forked one) is present on either side of the median of the apex (Bourgat 
1969). Similar but simple structures in C. tigris are called ’ergots’ (Bourgat & Domergue 
1971). Still others are: mamelon médiane’, ’protubérance polaire’ and ’mamelon cen- 
tral’ (Brygoo & Domergue 1970 c); ’relief median posterieur”, ’protubérance mediane 
anterieure dedoublée’ or ’simple’ and ’mamelon antérieur médian’ (Brygoo et al. 1970); 
’barbule médiane’ (Brygoo & Domergue 1969 a); "relief médio-ventral’ and ’mamelon 
médio-dorsale bifide’ (Brygoo et al. 1972 b); ’cone’ and ’languette (auricule) medio- 
sommitale denticulée” (Ramanantsoa 1978). Despite the morphological variation we 
like to indicate these structures, if appropriate, with the general term ’papillae’, even- 
tually specified with additional descriptive terms, instead of describing them with the 
help of a multiplicity of terms. We acknowledge, of course, recurrent distinctive 
papillate structures on the hemipenes of various species. For instance, Brygoo & 
Domergue (1970 c) described two groups of papillae that are present on the hemipenes 
of C. brevicornis, each group consisting of two elongate papillae. Subsequently this 
character was also found in C. cucullatus, C. gastrotaenia andringitraensis, C. g. 
guillaumeti, C. malthe, C. peyrierasi and C. tigris (Brygoo et al. 1970, 1972 b, 1973, 
1974 a and Bourgat & Domergue 1971; ’barbillons bifides’ and ’cornes bifides’). 
Another example are the tufts of superimposed papillae found in the hemipenes of C. 
pardalis and subsequently in those of other Malagasy species as well, e. g. C. angeli and 
C. belalandaensis (Bourgat 1969; Brygoo € Domergue 1970 b and Bourgat 1971; 
synonyms: ’barbillons’ and ’languette plumeuses”). We could coin the two papillate 
structures mentioned with terms like furculae and barbulae respectively to indicate their 
singularity and, simultaneously, improve the terminology. How appropriate this may 
seem though, it is neither necessary nor particulary helpful, because the structures are 
clearly papillate and can conveniently be described as such (see above). Moreover, it is 
far more important to recognize a pattern in the variation of morphological characters 
than to name each character separately. As a matter of fact terminological constraint 
would very much have facilitated this recognition of pattern as we were to find out 
ourselves while preparing this paper. Moreover, the terminology may be premature as 
further study may reveal the structures under consideration to be but one out of a set 
of homologous characters that may either be simpler or more complex, thus rendering 
the proposed terms too wide or too narrow to be useful. Therefore we shall restrict 
ourselves in the use of terms that relate to papillae or papillate structures. 


b) Pedunculi (singular: pedunculus = stalk, cf. Fig 1). One pair of pedunculi may be 
present at the sulcal side of the apex. Pedunculi are in their basic form thick stalks in- 
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deed, that protrude over the distal end of the sulcus spermaticus. The sulcal surface of 
the pedunculi is mostly set with numerous pointed papillae that are often arranged in 
rows. This general form may be modified in the various species. The pedunculi may be 
less elongate and curved towards the asulcal side of the apex, thus projecting their 
papillae upwards (C. pardalis, Bourgat 1969). In other species the pedunculi may take 
the form of papillate or crested lobes (C. angeli, Bourgat 1971 and C. tuzetae, Brygoo 
et al. 1972) or twist lengthwise to form a cusp at their distal end (C. petteri, Ramanant- 
soa 1978). Despite this variation (that will be partially explained at the end of this sec- 
tion) all are considered to represent the same character and are, consequently, to be 
coined with the term pedunculus. 


It must be noted that in this paper we revert to the latinized version of the word *pédon- 
cule’ sensu Bourgat & Brygoo (1968) and its original meaning, 1. e. indicating a stalk- 
like apical ornament. In subsequent French literature, starting with Brygoo & 
Domergue (1969 c), the term ’pédoncule’ is suddenly and without argumentation at- 
tached to the basal part of the hemipenes, in this paper indicated with the term pedicel. 
To complicate the matter even further Ramanantsoa (1978) used ’pédoncule’ again to 
indicate both a papillate apical lobe and the basal part of what is here considered a 
pedunculus. Such a differentiation between the basal and the distal part of pedunculi 
occurred frequently, but in most cases the term *pédoncule” was not employed, e. g. 
‘lobe, bourrelet’ and ’épines souples’ together (Brygoo & Domergue 1970 b) correspond 
with a pedunculus. In Ramanantsoa (1978) *pédoncule, lobe and cornes latéro- 
supérieure’ correspond with a pedunculus. A possible explanation as to why the basal 
part of either the hemipenis itself or the pedunculi are indicated with the term *pédon- 
cule’ might be a confusion of this term with the diminutive of the term pes, 1. e. 
pediculus. 


c) Auriculae (singular: auricula = diminutive of auris = ear, cf. Fig. 1) The term 
’auricule’ was used for the first time in this context by Bourgat & Brygoo (1968) to in- 
dicate two curved denticulate ridges positioned opposite to the pedunculi at the asulcal 
side Of the apex of the hemipenes of C. oustaleti and C. verrucosus. In subsequent 
papers in which pedunculi-bearing hemipenes were described auriculae were mentioned 
to be present as well. Their shape may vary, however, in different species, e. g. the den- 
ticulate ridge may be divided in two parts (C. verrucosus) or instead of one, two 
neighbouring but distinct auriculae may be present, thus doubling the total number of 
auriculae to four (C. bifidus and C. minor, Ramanantsoa 1978). In still other Malagasy 
species the hemipenes were found to lack both pedunculi and auriculae and to bear two 
pairs of other apical ornaments instead, most of which were, however, also indicated 
with the term *auriculae” (Brygoo & Domergue 1970 c; Bourgat & Domergue 1971 and 
Brygoo et al. 1970, 1972 b, 1973, 1974 a). However, these ornaments are, as compared 
with auriculae as found in pedunculi-bearing hemipenes, much more developed and 
shaped like semicircular plates or discs. The only resemblance to auriculae is their den- 
ticulate outer margin. Therefore we think (and we hope to elucidate this in the remain- 
ing text) the ornaments are not auriculae, but belong to a category of apical ornaments 
that will be discussed in the next paragraph. Consequently the denticulate ridges at the 
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asulcal side of the pedunculi are the only structures to be indicated with the term 
auriculae’, which is adopted here in its latinized form. 


d) Rotulae (singular: rotula = diminutive of rota = wheel, cf. Fig. 1). This term is in- 
troduced here to indicate an apical ornament, originally found on the hemipenes of 
African species, for which no proper term is available. In general rotulae look like 
semicircular discs with a denticulated or serrated outer margin. The profile of the cross 
section 1s somewhat biconvex. On the surface shallow ridges may be seen to diverge 
from the base of the rotula to the outer margin, thus reminding of a Pecten jacobeus 
shell (see Fig. 1). Various terms have been employed to describe them, viz. ’papillae’, 
Cope (1896 partim); ’erect cresentic plates’, McCann (1949); ’apical discs’, ‘wings’ and 
’cogwheels’, Broadley (1971), Böhme & Klaver (1980) and Klaver (1981 b); ’inward curv- 
ing denticulate apical structures’, Raw (1976) and ’halbkreisförmige Strukturen’, Klaver 
(1981 a). To avoid further terminological confusion we propose to designate these or- 
naments as rotulae, despite of the fact that in some species they are not so much rotund 
but more or less sickle-shaped. Two pairs of rotulae are generally present, viz. an asulcal 
and a sulcal pair (Böhme & Klaver 1980). In the species of the C. chamaeleon-group, 
however, up to five pairs may be found, i. e. in the sulcal position instead of one pair, 
two groups each composed of four rotulae may be present. The size of these sulcal 
rotulae may differ markedly, the largest of them being smaller than the asulcal rotulae 
(Klaver 1981 a). As we indicated above we think that the apical ornaments found in 
numerous Malagasy species and described as ’auricule’ are in fact rotulae. We came to 
this conclusion not only by studying the descriptions available in literature, but also by 
examining the hemipenes of several of the species concerned, e. g. C. brevicornis, 
ZFMK 36320. Accepting this point of view results in the following amendation of the 
list of synonyms: ’disques apiceaux’, ’auricule semicirculaire”, "lame dentelée or ’den- 
ticulée”, "lame pectinée’, ’lobe antérieures’, ‘lame falciforme and ’auricule’, the latter 
term combined with one of the numerous epithets such as ’subapicales, *dorso- 
laterales”, ’medio-ventrales’, etc. (Brygoo & Domergue 1970 c, Bourgat & Domergue 
1971 and Brygoo et al. 1970, 1972 b, 1973, 1974 a). These very terms illustrate our point 
of view as some of them describe rotulae quite weli. 


The position and orientation of rotulae on the apex may vary considerably, especially 
in Malagasy species as can be inferred from the profuse terminology. Some caution as 
to these characteristics of rotulae and probably most other apical ornaments as well is 
necessary as they can easily be affected in the process of preparing the hemipenes for 
preservation in everted condition. Therefore we refrain from including epithets as the 
ones cited above in the terminology and employ rotulae as the only term to indicate 
the structure under consideration. The same applies to the terminology of other apical 
ornaments. This is not to say of course that in describing the hemipenes and their or- 
naments we shall refrain from using additional descriptive terms relating to position 
and orientation in clearcut cases or that we shall ignore conspicious differences in orna- 
ment morphology. 


Another factor that probably affects the structural characteristics of apical ornaments 
is the seasonal variation. The apical ornamentation of the hemipenes of C. tuzetae 
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(Brygoo et al. 1973), for instance, appears not fully differentiated, which corresponds 
with the date of capture (May) and the austral climatological conditions of the locality 
at the time of capture (SW. Madagascar, rainy season: October till April). This observa- 
tion is supported by the observations of Bourgat (1969) and Bouix & Bourgat (1970). 
They established a reproductive cycle in C. pardalis from Réunion and Madagascar and 
recorded a correlation between the timing of spermatogenesis, courtship-behaviour and 
egg-deposition, and the variation in climate. Under the local austral conditions this 
means that spermatogenesis lasts from December till June, with a two months interrup- 
tion in the austral winter (December till April) and egg-deposition takes place at the 
end of the rainy season (March). Like Bourgat & Brygoo (1968) before him Bourgat 
(1969) found the number of papillae on the pedunculi to vary, but he did not relate this 
variation to the reproductive cycle. Brygoo & Domergue (1971) comment on the varia- 
tion in hemipenis morphology in B. ebenaui and propose as a possible explanation a 
seasonal variation in relation to the sexual activity. The specimen with less differen- 
tiated hemipenis ornamentation was indeed captured at the beginning of the dry season 
(May). Seasonal and hormonally controled differentiation of hemipenis ornamentation 
has been established in Lacertidae by Böhme (1971). A thorough and documented study 
on this subject in the Chamaeleonidae will shortly be presented by Böhme (MS). 


The apical ‚ornamentation of Brookesia hemipenes is much more difficult to 
characterize with the help of the descriptions available in literature than that of 
Chamaeleo hemipenes. Several descriptions are useless because the hemipenes are, pro- 
bably due to seasonal variation, devoid of any differentiated apical ornamentation 
whatsoever, e. g. B. ramanantsoai, B. therezieni and B. tuberculata (Brygoo & 
Domergue 1970 a, 1975). From the remaining descriptions one can infer that ornaments 
like pedunculi, auriculae and rotulae are absent in Brookesia. Instead of two pairs, as 
in Chamaeleo, only one pair of major ornaments is present (Fig. 2, see also Brygoo et 
al. 1972 a). This assertion should be considered tentative we hasten to add, because the 
development of other ornaments seems to suggest otherwise. In some species there is 
a prominent lateral projection, sometimes almost as large as what we consider here the 
major apical ornaments, that gives the hemipenes a trilobed, asymmetrical appearance, 
e. g. B. griveaudi (Brygoo & Domergue 1971, 1974 b). However, we believe this par- 
ticular projection to be identical to less extremely developed lateral structures found in 
other species with an ’ordinary’ dual apical ornamentation. This means that we con- 
sider the ’lobe externe’ of B. griveaudi to be homologous with, for instance, the ’pro- 
tubérance conique’ of B. stumpffi (Brygoo et al. 1974 b). The observed differences may 
be genuine, eventually influenced both by the poor state of preparation of the 
hemipenes, as is often the case in Brookesia, and seasonal variation, or they may be 
apparent for merely the result of the two factors mentioned. The hemipenes of another 
specimen of B. griveaudi described by Brygoo & Domergue (1971) suggest this latter 
possibility. 


Two types of dual apical ornamentation seem to exist in Brookesia, viz. horns and crests 
(Fig. 2). Horns are broad rotund projections, tapering towards the distal end and curv- 
ing towards the sulcal side of the hemipenes. The asulcal surface is mostly set with 
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papillae. Synonyms are: ’recurved claw- or horn-like organs’ set with a "series of 
papillae’, Loveridge (1953); ’curved apical horns’, Broadley (1971) and "apical spines’, 
Klaver (1979). These ornaments have been described for African species only. The 
apical ornamentation of Malagasy species consists of two papillate or denticulate crests 
or crested lobes, somewhat unequal in size. This pattern is most clear in B. betschi and 
B. nasus (Brygoo et al. 1972 a and 1974 b) and although the pattern is less clear and/or 
more difficult to establish in other species we assume it to be the same (resulting in the 
following synonyms: ’auricule sommitale interne/externe”, Ramanantsoa 1979; ’lobe 
antérieur/postérieur”, Brygoo et al. 1974 b; ’auricule avec deux crêtes’, Brygoo & 
Domergue 1971; ’deux hemispheres apicaux portent groupes d’ergots’, Brygoo & 
Domergue 1969 d; ’lobe latéral/médial’, Brygoo et al. 1972 a; "lobe interne/terminal’, 
Brygoo et al. 1974 b; ’apex interne/externe”, Brygoo & Domergue 1969 b and ’lobe in- 
terne/externe’, Brygoo & Domergue 1968). In some species there may be an additional 
ornamentation, e. g. lateral projections (see above), papillary fields (Brygoo & 
Domergue 1971) or elongate papillae (languette, Brygoo € Domergue 1969 b and 
‘languette apicale, Brygoo & Domergue 1971). The above conception of hemipenes or- 
namentation in Brookesia may be too simplified and somewhat rash. However, well 
established is the dual aspect of the apical ornamentation and the fact that African and 
Malagasy species differ much more and more clearly so from oneanother in apical or- 
namentation than do either African or Malagasy species among themselves. As to the 
variation in apical ornamentation within the geographic subgroups of Brookesia, par- 
ticularly the Malagasy species, our conclusion may indeed be rash and in need of addi- 
tional studies on better material. The former two observations are, however, more 
significant for the present study than the supposed unity in apical ornamentation in 
Malagasy species. 


DESCRIPTION OF THE HEMIPENES 


Chamaeleo africanus Laurenti, 1768 (Fig. 3 a and b) 
ZFMK 8828 Mora, N.Cameroon and ZFMK 38402 Erkowit, E.Sudan 


Hemipenes subcylindrical with a relatively large pedicel, approximately one third to 
half of the total hemipenislength. The truncus is set with large and deep calyces, whose 
margins are extremely fringed, thus giving the truncus a papillate appearance. Sulcus 
spermaticus bordered by well developed sulcal lips that bear papillate ridges as well. 
The apex is crowned with numerous symmetrically arranged rotulae, viz. one asulcal 
pair and three sulcal pairs. The asulcal rotulae are smaller than the largest of the sulcal 
ones. The sulcal rotulae form two groups, each group consisting of three parallel and 
obliquely oriented rotulae, the median one the largest, the lateral one the smallest. All 
rotulae have denticulated margins. Laterally of the two groups of sulcal rotulae are two 
fringed flanges. 
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Fig. 3 a & b. Hemipenis of C. africanus. a = sulcal view, b = lateral view. 


Chamaeleo calyptratus Duméril, 1851 (Fig. 4) 
ZFMK 29067 Sana, Yemen 


Hemipenes clavate, pedicel one third of hemipenislength. Sulcal lips well developed and 
partially set with rows of minute papillae. The truncus is calyculate, i. e. proximally 
there are parallel ridges that interconnect gradually to enclose large transversely 
elongated calyces halfway the pedicel and the apex. The apex terminates in a pair of 
large sickle-shaped rotulae. Proximally at the sulcal side of these rotulae a partially ser- 
rated ridge can be seen to border an area in which two groups of smaller rotulae are 
positioned. Each group consists of two collateral rotulae of almost equal size that are 


oriented obliquely. All rotulae have a finely serrated margin. 


Chamaeleo calyptratus calcarifer Peters, 1854 
ZFMK 41091 5 km north of the Yemen border, Saudia Arabia 


Hemipenes as those of C. calyptratus with six rotulae on top of the apex. 
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Fig. 4. Hemipenis of C. calyptratus, sulcal view. 


Chamaeleo chamaeleon orientalis Parker, 1938 
BM 1963-805 Rada, Yemen 


The hemipenes of this subspecies fit the description of the hemipenes of the nominal 
form (Klaver 1981 a) except for 1) the more prominent development of the smallest 
rotulae of the sulcal rotulae groups and 2) the more sickle-shaped form of the asulcal 
rotulae. 


Chamaeleo arabicus Matschie, 1893 
ZMB 11135 (holotype) Lahej near Aden, South Yemen; NHMW 7466:1 same locality 


Hemipenis with only four elongate rotulae with finely denticulated margins. Calyces 
deep with serrated margins. This hemipenis ornamentation differs clearly from the one 
of C. chamaeleon (cf. Klaver 1981 a) of which C. arabicus was considered a subspecific 
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form (Hillenius 1963). Arnold (1980) noted that C. c. arabicus is as distinct from the 
nearest known C. c. orientalis specimens as some full species, such as C. africanus, are. 
He, therefore, treated C. arabicus as a megasubspecies (or semispecies?) of C. 
chamaeleon. Our present observations on the hemipenes justifies, we think, this form 
to be elevated to the specific rank. | 


Chamaeleo zeylanicus Laurenti, 1768 
ZFMK 39043, locality unknown 


Hemipenes stout, pedicel one third of hemipenislength. Truncus set with calyces. Apical 
ornamentation consists of one pair of large somewhat elongate asulcal rotulae and 
three pairs of smaller sulcal rotulae, that are arranged in two groups. All rotulae have 
a serrate margin. The transverse ridge separating the asulcal rotulae from the sulcal 
ones is smooth. Differences with the original description of McCann (1949) are 1) the 
presence of three pairs of small sulcal rotulae instead of one pair and 2) the absence 
of a serration on the transverse ridge. 


Chamaeleo dilepis Leach, 1819 (Fig. 5a & b) 
ZFMK 18895 proximity of Mombasa, Kenya 


Hemipenes clavate, pedicel approximately half of hemipenislength. The truncus is set 
with large and shallow calyces, whose bordering margins are coarsely denticulated. 





Fig. 5 a & b. Hemipenis of C. dilepis. a = sulcal view, b = lateral view. 
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Sulcal lips also partially calyculate. The apical ornamentation is very much like the one 
in the preceding species, viz. with one pair of asulcal rotulae and three pairs of sulcal 


rotulae. A difference is the transverse orientation of these latter rotulae. These observa- 
tions correspond with those of Broadley (1971). 


Chamaeleo quilensis Bocage, 1866 


RMB 24130 and 25487 Chisambo, Mlanje, Malawi and RMB 29495 Vumba Mts., Zim- 
babwe 


The hemipenes of this form differ from those of the preceding form in some respects: 
1) the calyces are small and deep and enclosed by irregularly fringed ridges, 2) the 
rotulae of the two sulcal rotulae groups are much smaller and are, moreover, 3) placed 
in a much more clearly defined apical area and 4) the median-distal border of this area 
bears several papillae, whereas there is only one large papilla in C. dilepis. 
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Fig. 6. Hemipenis of C. senegalensis, sulcal view. 
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Chamaeleo gracilis Hallowell, 1842 
ZFMK 8841 proximity of Kribi, S.Cameroon 


Hemipenes subcylindrical, pedicel one third to half of hemipenislength. The truncus is 
set with calyces, enclosed by fringed margins, that extend mainly in transverse direction. 
Apical ornamentation with four pairs of rotulae, all transversely oriented. One large 
conical papilla between the asulcal rotulae. Sulcal lips without ornamentation. 


Chamaeleo senegalensis Daudin, 1802 (Fig. 6) 
ZFMK 17312 Bandia, Senegal and ZFMK 27399 N.Togo 


Hemipenes subcylindrical, pedicel one third to half of hemipenislength. Sulcus sper- 
maticus bordered by well developed and unornamented sulcal lips. Small calyces con- 
fined to the distal part of the truncus, especially the medial surface; more proximal 
calyces are larger and elongate. The apex is crowned with two large rotulae, each posi- 
tioned on top of a basal projection. Proximally at the sulcal side of these projections 
are two groups of smaller rotulae, each group composed of four collateral rotulae. The 
inclination of these rotulae with the hemipenis length-axis is exactly the opposite of the 
one found in, for instance, C. calyptratus. The large asulcal rotulae have a different 
Orientation as well, viz. instead of being oriented in the same transverse plane (cf. C. 
calyptratus) they lie in almost parallel planes. All rotulae have a coarse denticulation 
of hooklike denticles, that may, however, be due to seasonal variation. 


Chamaeleo laevigatus Gray, 1863 
ZFMK 29738 Talanga forest, South Sudan 


Hemipenes not unlike those of C. senegalensis, except for the rotulae arrangement. In- 
stead of ten, eight rotulae are present on the apex, two large asulcal ones and six sulcal 
ones, the latter arranged in two groups of three collateral rotulae. Margins of the 
rotulae coarsely serrated. On account of this profound difference in rotulae number C. 
laevigatus is treated here as a full species and not as a subspecies of C. senegalensis. 


Chamaeleo namaquensis smith, 1831 
ZFMK 7983 Gobabeb, SW.Africa and ZMA 15195 Namib Desert Park, SW.Africa 


Hemipenes with only two pairs of rotulae, viz. an asulcal pair and a sulcal pair. All 
rotulae are more or less semicircular, denticulated and have approximately the same 
size. Calyces enclosed by fringed ridges. 


Chamaeleo oweni Gray, 1831 (Fig. 7) 
MHNG 1012-1 Foulassi, Cameroon 


Hemipenes stout and truncated, pedicel one third of hemipenislength. The truncus is 
covered with large and deep calyces. The ridges that surround the calyces extend medial- 
ly over the apex of the hemipenis towards the sulcal side, where they gradually dissolve 
in fleshy fringes and papillae. The apex bears four sickle-shaped rotulae of equal size, 
grouped in an asulcal pair and a sulcal pair. The margins of the rotulae are finely ser- 
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Fig. 7. Hemipenis of C. oweni, sulcal 
view. 


rated. At the base of each sulcal rotula is a large fleshy papilla; medially and somewhat 
distally of these papillae another pair of isolated papillae is present. 


Chamaeleo montium Buchholz, 1874 (Fig. 8) 
ZFMK 8844, 9067, 9069, 15287 and 15288 Buéa, Mt. Cameroon, Cameroon 


Hemipenes stoutly built and truncated, pedicel one third of hemipenislength. The trun- 
cus is coarsely calyculate, the well developed sulcal lips and sulcus spermaticus without 
ornamentation. Apex with two pairs of small denticulated rotulae. The rotulae are posi- 
tioned towards the sulcal side of the hemipenis, so they cannot be observed from the 
asulcal side (cf. the hemipenis of C. hoehnelii, Böhme & Klaver 1980). Numerous fleshy 
papillae are concentrated in two symmetrically arranged fields medially of the sulcal 
rotulae. Up to 16 papillae/field may be present. 


Chamaeleo cristatus Stutchbury, 1837 
ZMA 10157 Foulassi, Cameroon 


The hemipenes of this species resemble those of C. oweni. The apex possesses also four 
sickle-shaped rotulae with minutely serrated margins. The ridges of the calyces extend 
over the apex and dissolve gradually in fringes and finally in papillae. A major dif- 
ference is the presence of numerous papillae grouped in two symmetrically arranged 
papillary fields that are located next to the sulcal rotulae. Each field consists of 8 to 
9 papillae. Moreover, a few scattered papillae are present between these papillary fields. 
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Fig. 8. Hemipenis of C. montium, sulcal 
view. 





Chamaeleo johnstoni Boulenger, 1901 
ZMA 11959 Goma, Zaire 


The hemipenes have two pairs of small semicircular rotulae with denticulated margins. 
The ridges of the calyces continue over the apex and dissolve gradually in fringes and 
papillae. The last of these papillae are positioned between the sulcal rotulae. Near the 
base of these rotulae are a few scattered papillae and a little more medially and prox- 
imally are two papillary fields with 4 to 5 papillae each. Except for the rotulae the 
hemipenes are set with diffusely dispersed melanophores. 


Chamaeleo quadricornis Tornier, 1899 
ZFMK 15291 and 15292 Mt. Lefo, N.Cameroon 


Hemipenes not unlike those of C. montium. Calyces smaller and shallower. Two pairs 
of small denticulated rotulae are present, as well as two papillary fields with up 9 
papillae/field, that are, however, situated a little more proximally of the sulcal rotulae 
than in C. montium. 


Chamaeleo camerunensis Miiller, 1909 
ZSM 484-1909 Bibundi, Cameroon 
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Hemipenes as in the preceding species, 1. e. with two pairs of denticulated rotulae and 
near the base of each sulcal rotula a papillary field with up to 10 fleshy papillae. 


Chamaeleo feae Boulenger, 1906 
ZFMK 9381 Moca, Fernando Po 


Also in this species two pairs of denticulated rotulae and at the base of each sulcal 
rotula a large papillary field with up to 16 elongate papillae. 


Chamaeleo eisentrauti Mertens, 1968 
ZFMK 5785 Dikume, Rumpi Mts., Cameroon 


Hemipenes with two pairs of rotulae and two papillary fields at the base of the sulcal 
rotulae, up to 8 papillae/field. 


Chamaeleo wiedersheimi Nieden, 1910 
ZFMK 15283 Mt. Lefo, N.Cameroon 


Truncus covered with large calyces that extend over the apex and end abruptly between 
the asulcal sickle-shaped rotulae. The two sulcal rotulae are more semicircular than the 
asulcal ones. The margins of the rotulae are finely denticulated. Medially between the 
sulcal rotulae is one central papillary field with up to 9 papillae. 


Chamaeleo affinis Riippell, 1845 
ZFMK 2739 Addis Abeba, Ethiopia 


Hemipenes with two pairs o; small rotulae. Near the base of each sulcal rotula is a row 
of extremely long and pointed papillae. The papillae next to the rotulae are the largest, 
the ones at the end of the row the smallest. Up to 6 papillae/row may be present. 


Chamaeleo goetzei Tornier, 1899 (Fig. 9) 
ZFMK 30703 and 30705 Ilolo, near Rungwe Mts., Tanzania 


Hemipenes clavate, pedicel one third of hemipenislength. The proximal part of the 
truncus with large calyces, the distal part with small ones that reach high up the median 
asulcal surface. Sulcal lips well developed and without ornamentation. Apex with two 
pairs of rotulae, the sulcal rotulae very large, the asulcal rotulae small and oriented 
transversely. All rotulae are denticulated and are positioned in a large smoothly textured 
apical area. On the median surface of the sulcal rotulae are two diffuse papillary fields 
that extend from the distal end of the sulcus over the base of the rotulae well up to the 
rotulae themselves. In Fig. 9 one sulcal rotula has been folded aside to show one of the 
papillary fields. 


Chamaeleo fuelleborni Tornier, 1900 
ZMA 15201 proximity of Kivira, S.E. of Mbeya, Tanzania 


The hemipenes look very much like those of C. goetzei. The sulcal rotulae are the 
largest of the four rotulae present. At the median base of these sulcal rotulae are two 
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Fig. 9. Hemipenis of C. goetzei, sulcal view. 


papillary fields as well, but the papillae are more concentrated and do not reach as far 
up the surface of the rotulae as in C. goetzei. 


Chamaeleo tempeli Tornier 1899 
ZFMK 30706 and 30708 Kigogo, Uzungwe Mts., Tanzania 


Four more or less sickle-shaped rotulae are present, the sulcal ones very large, the 
asulcal ones much smaller. All rotulae are denticulated and positioned in a large 
smoothly textured apical area. Two papillary fields are present at the median base of 
the large rotulae, i. e. the papillae do not extend onto the rotulae. 


Chamaeleo laterispinis Loveridge, 1932 
ZMA 10250 Kigogo, Uzungwe Mts., Tanzania 


Hemipenes like those of C. tempeli except for 1) the rotulae which are more sickle- 
shaped and 2) a few additional, scattered papillae next to the papillary fields. 
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Chamaeleo werneri Tornier, 1899 
ZFMK 44821 Mufindi, Uzungwe Mts., Tanzania 


Hemipenes as in the preceding species, 1. e. with four rotulae, the sulcal ones the largest. 
At the base of each sulcal rotula a large simple papilla is present. Medially between the 
sulcal rotulae is a diffuse group of small papillae, the asulcal side of the sulcal rotulae 
is set with very small scattered papillae. 


Chamaeleo tenuis Matschie, 1892 
ZMH 01848 Amani, Usambara, Tanzania 


Hemipenes with two pairs of rotulae. On the inverted hemipenes no additional or- 
naments could be discerned. 


Chamaeleo fischeri Reichenow, 1887 
UZM 295 Amani, E.Usambara Mts.; 312 Kwamkoro, E.Usambara Mts. and 322 
Muzambai, W.Usambara Mts., Tanzania 


Hemipenes stout and clavate, pedicel one fourth of hemipenislength. Truncus with 
relatively large and deep calyces. Sulcus spermaticus and sulcal lips smooth. The sulcal 
lips do not continue in a ridge around the apex (= non-capitate). The apex bears four 
rotulae with serrated margins. The rotulae are of equal size and slightly sickle-shaped. 
No papillae. 





Fig. 10. Hemipenis of C. mlanjensis, sulcal view. 
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Chamaeleo mlanjensis Broadley, 1965 (Fig. 10) 
RMB 25380 Chisambo Estate, Mlanje, Malawi 


Hemipenes stout and truncated, pedicel short. Truncus with large, shallow and 
transversely elongated calyces. Apex without rotulae, but characterized by two enor- 
mous papillate lobes. The largest papillae are grouped at the distal margin (cf. ’apical 
wings with scalloped edges”, Broadley 1971), the smaller papillae at the centre of the 
lobes. At the próximal border of each lobe is also a small group of enlarged papillae. 
The position of these two papillate structures on the apex is similar to that of rotulae. 
However, they are quite unlike rotulae and much more pliable, like papillae. 


Chamaeleo melanocephalus (Gray, 1865) 
ZFMK 18417 and 18422 Durban, S.Africa 


Hemipenis morphology in accordance with the description of Raw (1976). Four sickle- 
shaped rotulae are present, the asulcal ones larger than the sulcal ones. The outer 
margins of the rotulae are denticulated. Between the four rotulae is a median den- 
ticulated ridge. 
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Fig. 11 a & b. Hemipenis of C. cephalolepis, a = sulcal view, b = lateral view. 
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Chamaeleo tigris Kuhl, 1820 
ZFMK 26194 Praslin Isld., Seycheiles 


The hemipenes fit the description of Bourgat & Domergue (1971) except for 1) the 
shape, that is less elongate, but this may be due to the turgidity at the moment of preser- 
vation, 2) the presence of a transverse row of small papillae between the two pairs of 
elongate papillae ('cornes bifides’) and 3) the position of the rotulae (auricules 
apicales”), that instead of projecting laterally are positioned on top of the apex. 


Chamaeleo cephalolepis Giinther, 1880 (Fig. 11 a and b) 
ZFMK 29960 and 29963 Grande Comore, Comores 


Hemipenes long and clavate, pedicel one fifth of hemipenislength. The calyces on the 
truncus are large and extend in transverse direction near the pedicel. Distad they 
become smaller and more hexagonal. Towards the apex the sulcal lips diverge and con- 
tinue as a ridge that encircles the apex (= capitate). Sulcus spermaticus und sulcal lips 
without ornamentation. Apex slightly bilobed, each lobe with a broad and somewhat 
abberrant pedunculus. The outer margin and the distal end of each pedunculus is 
papillated, 1. e. with one major row of papillae (up to 9) and one minor row of papillae 
(up to 5). These two rows meet proximally and continue in an obliquely orientated den- 
ticulate ridge or auricula. At the sulcal base of each pedunculus is a small tuft of 
superimposed papillae. 





Fig. 12 a & b. Hemipenis of C. polleni, a = sulcal view, b = lateral view. 
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Chamaeleo polleni Peters, 1873 (Fig. 12 a and b) 
ZFMK 29917 and 29918 Mayotte, Comores 


Hemipenes large and clavate, pedicel one third of hemipenislength. The truncus is 
covered with rather small calyces that grow even smaller towards the apex. Sulcus, sulcal 
lips and apex smooth. The capitate apex bears two pedunculi that are fused medially 
and project over the sulcus. Fach pedunculus has three to five parallel rows of papillae 
at its sulcal und distal margin. At the asulcal side of the pedunculi two slightly raised 
denticulate auriculae can be observed. Proximally of each pedunculus is an elongate 
fleshy papilla. 


Chamaeleo lateralis Gray, 1831 (Fig. 13) 
ZFMK 29984 Tuléar, Madagascar 


Hemipenes clavate and capitate, pedicel one fourth of hemipenislength. Truncus 
calyculate, the calyces growing smaller from the pedicel towards the apex. Apex smooth 
and characterized by two large and elongate pedunculi that have a papillate sulcal-distal 
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Fig. 13. Hemipenis of C. lateralis, sulcal view. 
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surface (up to 13 papillae). At the base of these pedunculi are 1) at the sulcal side, large 
tufts of superimposed papillae and 2) at the latero-asulcal side, denticulate auriculae. 


Chamaeleo pardalis Cuvier, 1829 (Fig. 14 a and b) 
ZFMK 14073 Nosi Bé, NW.Madagascar and 19333 Maroansetra, N.O.Madagascar 


Hemipenes clavate and capitate, pedicel one fourth of hemipenislength. Truncus 
covered with well developed calyces. Apex slightly bilobed, each lobe ornamented with 
1) a stout and curved pedunculus with numerous large pointed papillae at the sulcal- 
distal surface, 2) a denticulate transverse auricula at the asulcal base of the pedunculus, 
3) a large tuft of superimposed papillae at the sulcal base of the pedunculus and 4) four 
papillae grouped in two pairs near the median midline of the apex. This description cor- 
responds with one given by Bourgat (1969), but as his figures are not particularly clear 
with regard to the pedunculi, the hemipenis is depicted here again. 





Fig. 14. Hemipenis of C. pardalis, a = sulcal view, b = lateral view. 


Chamaeleo oustaleti Mocquard, 1894 
ZFMK 14546 Majunga, N.W.Madagascar 


Hemipenis as described by Bourgat & Brygoo (1968) and very much like those of the 
previous species. Capitate hemipenis with two stout curved pedunculi, whose sulcal sur- 
face bear large pointed papillae. At the asculcal side of each pedunculus is a transverse 
denticulate auricula. Between these auriculae at the median midline of the apex, is 
another small, irregularly denticulated ridge. Proximally at the sulcal side of the pedun- 
culi are two elongate and simple papillae. 
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Chamaeleo verrucosus Cuvier, 1829 
ZFMK 17733 and 17734 Tuléar, SW.Madagascar 


Hemipenes like those of C. oustaleti, also with two elongate and simple papillae at the 
sulcal base of the pedunculi. The observation of this ornament in this species and in 
C. oustaleti is contrary to the description of Bourgat & Brygoo (1968), who recorded 
tufts of superimposed papillae in some of the specimens they examined. However, 
Brygoo & Domergue (1970 b) report them to be simple as well*) 


Chamaeleo bifidus Brongniart, 1800 
ZFMK 20736 Madagascar 


Hemipenes with two large pedunculi, at the asulcal side of them two pairs of partially 
overlapping auriculae. No additional ornaments could be discerned. Next to pedunculi 
and auriculae Ramanantsoa (1978) recorded the presence of a tuft of superimposed 
papillae at the sulcal base of each pedunculus and the presence of a single median den- 
ticulated ridge (auricule médio-sommitale, denticulee’). 





Fig. 15 a & b. Hemipenis of B. platyceps, a = sulcal view, b = lateral view. 


Brookesia platyceps (Günther, 1893) (Fig. 15 a and b) 
RMB 25342 Rud Gorge, Mlanje, Malawi 


The hemipenes closely resemble those of B. p. carri described by Loveridge (1953). 
Hemipenes stoutly built and truncated. Pedicel, truncus and apex cannot be 
distinguished, because calyces and the capitate condition are absent. Two curved apical 
horns are present, each with a row of papillae. 


*) It would be interesting to find out whether this variability in papillate structures correlates with 
the karyotypic variability within these two species (see section karyology below). An affirmative 
answer to this question combined with information as to the geographical distribution of the 
varieties could make a reconsideration of the specific unity of C. oustaleti and C. verucosus 
nesessary (cf. also Bourgat 1973). 
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Brookesia nchisiensis Loveridge, 1953 
RMB 6604 Mughesi forest, Misuku Mts., Malawi 


Hemipenes stout and truncated, no calyces. Two apical horns with up to 8 papillae, ar- 
ranged in two rows that converge towards the tip of the horn (cf. Broadley 1971). 


Brookesia brachyura (Giinther, 1893) 
RMB 24348 Matembo Source, Nyika Plateau, Malawi 


Hemipenes stout and truncated, no calyces. Two curved apical horns are present, each 
with up to 6 scattered papillae at the asulcal surface. 





Fig. 16 a & b. Hemipenis of B. marshalli, a = sulcal view, b = lateral view. 


Brookesia marshalli Boulenger, 1906 (Fig. 16 a and b) 
RMB 23230 Vumba Mts., Zimbabwe 


Hemipenes with one pair of branched apical horns, the branch orientated towards the 
asulcal side, approximately haif the size of the one that projects towards the sulcal side. 
The upper surface of these horns is set with numerous small papillae. 


Brookesia spectrum (Buchholz, 1874) 
ZFMK 1911 Mt. Cameroon, Cameroon and MHNG 1012-5 Foulassi, Cameroon 


Hemipenes like those of the previous species, but instead of the apical horns there are 
two complex apical projections. Each consists of a large denticulate flange (up to 7 den- 
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ticles), that has on its lateral surface 2 to 3 additional denticles. Directly parallel to this 
flange is a smaller flange with up to 5 denticles. 


Finally we like to comment on several records on hemipenis morphology found in 
literature. McCann (1949) described the hemipenis of C. zeylanicus and Klaver (1981 a) 
used the differences in hemipenis ornamentation between this form and C. chamaeleon 
chamaeleon in support of an argumentation favouring the specific status of C. 
zeylanicus, as opposed to its generally held subspecific status within the nominal form. 
The redescription of the hemipenis in this paper shows the observations of McCann on 
the rotulae arrangement to be erroneous. Both forms mentioned have the same rotulae 
arrangement, i. e. next to a pair of asulcal rotulae both have three pairs of sulcal 
rotulae. Consequently this argument in support of a hypothesis of the specific status 
is invalidated. Not invalidated, however, is the hypothesis of the specific status itself, 
because of the remaining arguments in favour (cf. Klaver 1981 a: 229) and because 
other valid species of the C. chamaeleon group have the same rotulae arrangement as 
well. 


Domergue (1965) commented briefly on the hemipenes of a number of species, whose 
hemipenes have unfortunately not been described in detail ever since. The hemipenes 
of C. rhinoceratus and C. labordi are said to look very much like the ones of C. lateralis, 
C. oustaleti and C. pardalis. In view of the relationship between these species (cf. 
Brygoo 1971 and Klaver 1977) and the observations of Bourgat (1971: 239) on the 
hemipenes of C. rhinoceratus and C. angeli one can savely assume C. rhinoceratus and 
C. labordi, (and probably C. antimena and C. monoceras as well) to have a hemipenis 
ornamentation with pedunculi and auriculae. As to C. campani, often supposed to be 
related to C. lateralis, Domergue (op. cit.) indicated its hemipenis ornamentation to be 
distinct from that of C. lateralis. We confirm this view here, but due to the poor quality 
of our specimen we cannot give an exact description. We could only establish the 
presence of two large papillate structures on the apex, rather unlike the pedunculi found 
in C. lateralis which with some imagination remind us of the pedunculi of C. tuzetae. 


The hemipenes of C. nasutus can be distinguished from those of other species, although 
in certain respects they resemble the ones of C. bifidus (Domergue 1965). We do not 
agree with this observation. C. bifidus and allies possess hemipenes with pedunculi and 
auriculae. According to a picture sent to one of us (CK) by G. Ramanantsoa (in litt.: 
28-11-1978) the hemipenes of C. nasutus resemble those of, for instance, C. brevicornis, 
1. €. bearing four rotulae and a pair of large bifid papillae. Presumably Domergue 
mistook the large bifid papillae of C. nasutus for the long and slender pedunculi of C. 
bifidus. 


According to Domergue (1965) the hemipenes of C. parsonii possess four or five hairy 
protuberances. Brygoo et al. (1971) observed upon the hemipenes of C. capuroni that 
the ornamentation resembles the one of C. parsonii very closely. From these observa- 
tions it is infered that the hairy protuberances of C. parsonii correspond with the four 
rotulae found in C. capuroni. Next to the four rotulae two papillary fields are present, 
at least in C. capuroni, one at the sulcal side of each sulcal rotula. 
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Finally Domergue (1965) also made some incomplete observations on the hemipenes of 
C. brevicornis and C. gastrotaenia. The first species possesses two apical discs, the latter 
one apparently two lobes with an original crnamentation. Fortunately these meagre 
observations were amended by Brygoo & Domergue (1970 c), Brygoo et al. (1973) and 
Brygoo et al. (1970, 1972 b, 1974 a). Next to the apical discs (probably asulcal rotulae) 
there also proved to be a pair of sulcal rotulae and a pair of large bifid papillae present 
in C. brevicornis. The hemipenis ornamentation in C. gastrotaenia is more variable, i. e. 
next to four smallish rotulae there is either a pair of bifid papillae, a pair of very large 
simple papillae or no papillae at all. Whether this latter condition is due to seasonal 
variation, a retained plesiomorph condition or an artefact remains to be seen. An alter- 
native explanation of this variability could be the status of the taxa concerned. The C. 
gastrotaenia subspecies presently known are all small and inconspicious chameleons 
with hardly any character to distinguish them. The differences in hemipenis ornamenta- 
tion may be an indication of their specific status. 


HEMIPENEAL CHARACTER EVALUATION 


The first problem to be solved is the assessment of the quality of the resemblance of 
the hemipenis characters, i. e. to examine whether or not they can be considered 
homologous and, if so, at what level they constitute a synapomorphy. Chameleons as 
a group are generally considered a sistergroup of the Agamidae with which they share 
various supposedly synapomorphous characters as, for instance, acrodont dentition, 
absence of caudal autotomy (Camp 1923) and the presence of a ramus duodenalis of 
the caecal artery (Henke 1975). Unfortunately the absence of data concerning the 
hemipenis morphology in Agamidae forestalls an outgroup comparison and thus a 
hemipeneal character evaluation at this level. Occasional observations on hemipenes of 
preserved specimens present in the collection of the ZFMK reveal that the apices in dif- 
ferent Agamidae are slightly or moderately bilobed, but without any ornamentation 
comparable to that found in the Chamaeleonidae. There are, however, ways to arrive 
at some assessment of chameleon hemipenis characters, viz. by outgroup comparison 
at a higher level and by outgroup comparison at a lower level, i. e. within the 
Chamaeleonidae themselves. An outgroup comparison at a higher level than that of the 
immediate sistergroup allows the calyces to be characterized. Calyces are not only found 
abundantly in most saurian families, but in many ophidian families as well. Such a wide 
distribution of a character in so many distantly related groups leads to the conclusion 
that calyces are a plesiomorph character within the Squamata, unless we are willing to 
accept a rather too prolific amount of convergence. It follows that the absence of 
calyces or rather the smooth mesial surface of the hemipenes in Brookesia be con- 
sidered an autapomorphy of this group, assuming the remaining, unexamined species 
to lack calyces as well. As to the apical ornamentation it is postulated here that the dif- 
ferent forms of ornamentation as found within the Chamaeleonidae have evolved de 
novo within this group and that the relative plesio- and apomorphy must be assessed 
at intra-familial level. 
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The most general and widespread type of apical ornamentation present within the 
Chamaeleonidae is the one consisting of four rotulae, that are eventually accompanied 
by papillae or papillate structures. General and widespread does not only refer to the 
absolute number of species possessing four rotulae, but also to the occurence of this 
trait in species that are, considered on the basis of other evidence, related in various 
degrees. Species possessing this type of apical ornamentation occur in Africa, south of 
the Sahara, Madagascar and the Seychelles. All species possessing a four rotulae type 
of hemipenis ornamentation belong to the genus Chamaeleo. The remaining 
Chamaeleo species have either a rotulae ornamentation with more than four rotulae 
(the C. chamaeleon-group only) or an ornamentation characterized by two pedunculi 
and two auriculae, that are eventually accompanied by papillae or papillate structures 
(a group of chameleons restricted to Madagascar and the Comores). The two latter 
types of ornamentation are found in far less species than the first one discussed. Until 
now no species of Chamaeleo is known to lack an apical ornamentation. 


If we restrict ourselves for the time being to the genus Chamaeleo we postulate that the 
similarity in ornamentation, i.e. the possession of four rotulae be considered 
charasteristic of or synapomorphous for a large and heterogeneous group of 
chameleons and to reflect affinity at a general level. The four rotulae cannot, therefore, 
be used to assess the relationship of the different species within this group, because at 
that level they must be considered a symplesiomorphy. These latter relationships can, 
as will be demonstrated below, be inferred form the differences and similarities in 
rotulae development, in rotulae form and in the additional apical ornaments, viz. 
papillae and papillate structures. The other two types of apical ornamentation, viz. the 
multi-rotulae type and the pedunculi-auriculae type are considered to be derived secon- 
darily and independently. We found this character transformation sequence on a mor- 
phological hypothesis concerning the homology of the various apical ornaments, that 
can be inferred from correspondence in position and composition and from in- 
termediate forms. 


It is not hard to conceive that asulcal rotulae and auriculae are homologous, as may 
be inferred from their position on the apex and their similarity in appearance. As we 
have seen the difference between a denticulated flange or disc and a denticulated ridge 
was not sufficient enough to prevent French authors to consider these two characters 
identical and to coin them with the same term ’auricule. We differentiate them, 
however, precisely because of their relative morphological dissimilarity and attribute 
their relative morphological similarity and position to homology. Auriculae as we 
perceive them are always found in combination with pedunculi, whereas asulcal rotulae 
are always found in combination with sulcal rotulae. This observation begs the question 
whether pedunculi can be regarded homologous with sulcal rotulae. We think this in- 
deed to be the case, both ornaments are present in pairs at a sulcal position on the apex 
and may have developed from relatively undifferentiated ornaments, similar to the ones 
found in C mlanjensis. There are two arguments in support of this homology 
hypothesis. First, there are the peculiar pedunculi of C. polleni and C. cephalolepis with 
their flattish shape and each showing two to five parallel rows of papillae at their sulcal 
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and distal margin (see Figs. 11 a, b and 12 a, b). One can imagine that a bulging 
development combined with a simultaneous rotulae-like development at the same loca- 
tion gave rise to this condition. Subsequent evolution may then have resulted in more 
lobe-like and finally stalk-like pedunculi as observed in other Malagasy species. The 
”disques apicaux pediculés” of C. brevicornis, C. malthe and C. peyrierasi may also fit 
in this scheme, but we do not want to pursue this speculation because we found the 
rotulae of C. brevicornis to look like perfectly normal rotulae. Second, the sulcal pair 
of apical ornaments, be they either pedunculi or rotulae, exhibit during evolution a 
similar major development. Pedunculi develop into large and conspicious sulcal or- 
naments with numerous rows of papillae; sulcal rotulae may likewise become large (cf. 
C. goetzei, Fig. 9) or may increase in number (cf. the C. chamaeleon-group). The 
parallel rows of papillae on the pedunculi of C. polleni may even be homologous with 
the parallel rotulae of the sulcal rotulae groups in the species of the C. chamaeleon- 
group. 


The papillate structures that generally accompany the pair of major sulcal ornaments 
are mostly paired as well and positioned more or less sulcal-medially of these or- 
naments. These papillate structures may consist either of papillary fields, papillary 
rows, large bifid papillae or large simple papillae in the case of rotulae or of simple, 
bifid, or tufts of superimposed papillae in the case of pedunculi. It is hypothesized that 
these papillate structures are homologous and reflect the different stages in a develop- 
ment from a relatively undifferentiated condition with many small papillae scattered 
over the apex (cf. C. mlanjensis and C. hoehnelii, Böhme & Klaver 1980) towards a 
relatively differentiated condition with papillae either grouped in fields, rows, tufts or 
in pairs of large bifid or large simple papillae. Other minor papillate structures, either 
single or paired, may be found on the apex especially in a distal-medial position. These 
papillate ornaments are, however, much more variable and, therefore, hard to 
homologize. Summarizing this hypothesis: pedunculi are homologous with sulcal 
rotulae, auriculae are homologous with asulcal rotulae, and simple, bifid and tufts of 
superimposed papillae found at the sulcal base of the pedunculi are homologous with 
other papillate structures such as bifid papillae, papillary fields, etc. found at the base 
of sulcal rotulae. 


An alternative hypothesis can be formulated in which pedunculi are not considered 
homologous with sulcal rotulae but with large papillate structures found in several 
Malagasy species. When describing the hemipenes of C. tigris Bourgat & Domergue 
(1971: 239) stated in relation to the two pairs of remarkable elongate bifid papillae: ”Les 
cornes; leur situation correspond à celle des lobes (1) connus dans la majorité des 
espèces, lobes dont elles semblent être les homologues”. In a footnote they explain what 
they consider a lobe: ”(1) = pédoncule, in Bourgat 1969, p. 56”, which in this case is 
indeed synonymous to pedunculus and not to pedicel. Similarly when describing the 
hemipenes of C. gastrotaenia marojezensis Brygoo et al. (1970: 274) observe upon the 
unique ”lobes filiformes hypertrophiés” that they ”occupent la place des lobes com- 
muns chez la plupart des Caméléons”. If one searches the literature on hemipenes mor- 
phology present at the time one finds that pedunculi were frequently referred to as 
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”]obes” (cf. C. balteatus, Brygoo & Domergue 1969 c; C. belalandaensis, Brygoo € 
Domergue 1970 b and C. angeli, Bourgat 1971). Apart from these two observations on 
the location of large papillate structures on the apex the French authors did not pursue 
the homology question any further in their subsequent papers. Presently we know that 
the location of most conspicious papillate structures, large and small, is at the base of 
either sulcal rotulae or pedunculi. The nature of the two structures mentioned is, in our 
opinion, clearly papillate and their resemblance with pedunculi superficial at best. 
Their location on the apex more likely corresponds with that of other papillate struc- 
tures instead of that of the pedunculi in other Malagasy species. Moreover, additional 
data, e. g. the pedunculi structure of C. polleni and C. cephalolepis makes homology 
of pedunculi and sulcal rotulae more plausible, whereas in case of the alternative 
hypothesis sulcal rotulae are not accounted for. Therefore we do not think the alter- 
native hypothesis plausible, we only mentioned it here to acknowledge that we did not 
fail to record the possibility. 


The apical ornamentation of the Brookesia species differs from the ones of the 
Chamaeleo species in that it is much simpler and less variable. Either a pair of horns 
or a pair of crests is present, only occasionally accompanied by additional papillate 
structures. The external appearance of horns and crests is suggestive, 1. e. horns remind 
us Of pedunculi and crests remind us of auriculae or even rotulae. Although these possi- 
ble homologies cannot be ruled out a priori there are no additonal arguments to sup- 
port the idea that the superficial resemblance can indeed be ascribed to homology. On 
the contrary, the papillae present on the horns are on the "wrong? or asulcal side and, 
moreover, the dual aspect of the apical ornamentation forestalls to establish with the 
help of the relative position with which of the apical ornaments found in Chamaeleo 
horns and crests are most likely to be homologous. The two denticulated flanges found 
in B. spectrum might suggest a four rotulae condition, but the two flanges are so close 
to eachother that a further differentiation of a single ornament is more likely. The com- 
pound crest-like arrangement of B. spectrum might correspond to the compound horn- 
like arrangement of B. marshalli, in spite of the crests of Malagasy species. Fresh 
everted material is necessary to check this view. 


Horns and crests might be homologous and represent two independent developments. 
We think the ornaments in Brookesia have been evolved independently from the ones 
found in Chamaeleo and to constitute synapomorphies in their own right. This view 
is endorsed by the development of a smooth mesial surface in the hemipenes of 
Brookesia species, that clearly sets them apart from the Chamaeleo species. 


The above information and argumentation can be summarized in a cladogram (Fig. 17) 
in which groups of species are characterized by synapomorphous hemipenis characters. 
It is tentatively assumed that species whose hemipenis morphology is still unknown fit 
into the cladogram, i. e. do not possess a hemipenis ornamentation that cannot be 
ascribed to either type of ornamentation discussed. In view of the number of species 
whose hemipenis morphology is already known and the assumed affinity between some 
of these species and the species whose hemipenes morphology is unknown we think it 
not too bold a contention. 
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Fig. 17. Cladogram based on hemipenis characters. Black rectangles: synapomorphies, open rec- 
tangles: symplesiomorphies. 1: chameleonid manus and pedes, 2: extensile tongue, 3: calyces pre- 
sent (open) or absent (black), 4: dual aspect of apical ornamentation, 5: quadruple aspect of apical 
ornamentation, 6: crests, 7: horns, 8: four rotulae ornamentation, 9: pedunculi and auriculae or- 
namentation, 10: multi-rotulae ornamentation. Shading: separation of Madagascar and Africa. P: 
Malagasy Brookesia species; Q: African Brookesia species; R: Malagasy and Seychelles 
Chamaeleo species: C. brevicornis c. s., C. gastrotaenia c. s., C. nasutus c. s., C. parsonii c. s. and 
C. tigris, S: Malagasy and Comores Chamaeleo species: C. bifidus c. s., C. lateralis c. s., C. polleni 
c. S., C. pardalis c. s. and C. rhinoceratus c. s.; T: African Chamaeleo species except those of C. 
chamaeleon c. s. (= U). 


Although it is not possible to define the Chamaeleonidae with the help of hemipenis 
characters (it may even prove to be impossible), the family can be defined easily and 
unambiguously by other apomorph characters, that are unequally shared by all 
members. These characters are the highly modified manus and pedes and the extensile 
tongue (characters 1 and 2 in Fig. 17). It is surprising, therefore, that in literature 
numerous apomorph characters are listed that are supposed to characterize the family. 
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Although many of these characters may indeed be derived and even unique within the 
Chamaeleonidae they are seldom shared by all members of the family. A recent example 
is Estes (1983), who lists a. o. the following shared derived character states of the fami- 
ly: ”. . . skull high, narrow with parietals and squamosals extending posterodorsally in- 
to a casque ..> and ”... nasals excluded from the naris (sic) by maxilla (sic) and 
prefrontals . . ?. Although this may apply to many chameleon species there are various 
species in which the parietals and consequently the skull are more or less broad and 
flat and squamosals not extending posterodorsally, viz. B. platyceps (Frank 1951), B. 
spectrum (Werner 1902 b) and B. superciliaris (Siebenrock 1893). Moreover, in B. super- 
ciliaris the nasals clearly border the external nares dorsally. So in spite of promising 
words in the foreword of his paper Estes (op. cit.) stuck to tradition, 1. e. generalized 
observations on certain characters in one or several species and presented an enumera- 
tion of these characters that are supposed to be characteristic for chameleons at large, 
thus completely ignoring available conflicting data concerning these characters in other 
species. 


The pygmy chameleons (genus Brookesia) and the ordinary chameleons (genus 
Chamaeleo) are characterized by the synapomorphies 4 (dual aspect of the apical or- 
namentation) and 5 (quadruple aspect of the apical ornamentation) respectively. The 
monophyly of the Brookesia’s is further evidenced by synapomorphy 3, the absence of 
calyces. The genus Brookesia can be subdivided into two subgroups, viz. the Malagasy 
species (P) characterized by crests (6) and the African species (Q) characterized by 
horns (7). The subdivision corresponds with the former subdivision of the pygmy 
chameleons into two genera, viz. Brookesia Gray, 1865 and Rhampholeon Giinther, 
1874. 


In the genus Chamaeleo four subgroups can be recognized, viz. two groups characteriz- 
ed by the possession of four rotulae, one group characterized by more than four rotulae 
and one group characterized by pedunculi and auriculae. We have argued that the 
possession of four rotulae (8) is characteristic of a large and heterogeneous group of 
chameleons. The subdivision of this group into two subgroups (R and T, Fig. 17) is 
validated by arguments concerning the relationship between species within the respec- 
tive subgroups that will be discussed in subsequent sections on external morphology, 
lungmorphology and zoogeography. Group R constitutes the Malagasy-Seychelles 
branch, group T the continental Africa branch of species of the four rotulae group. 
Within group R a further differentiation can be made with the help of papillate struc- 
tures. C. capuroni and C. parsonii and probably the related C. globifer and C. 
oshaughnessyi, have next to each sulcal rotula a papillary field. C. gastrotaenia andrin- 
gitraensis and C. g. guillaumeti possess next to the sulcal rotulae two large bifid 
papillae. This character is also found in C. peyrierasi, C. tigris, C. nasutus, C. 
cucullatus, C. brevicornis and C. malthe and is likely to be found as well in the related 
species C. fallax, C. gallus, C. boettgeri, C. guibei, C. linotus, C. furcifer and C. 
tsaratananensis whose hemipenis morphology is still unknown. C. g. marojezensis has 
instead of the bifid papillae two very large simple papillae next to each sulcal rotula, 
whereas C. g. gastrotaenia seems to lack large papillate structures. This latter condition 
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probably represents a retained plesiomorph condition as compared with the apomorph 
papillate condition. 


Within group T a similar differentiation can be made by means of the papillate struc- 
tures. The plesiomorph non-papillate condition is found in C. pumilus and allies, C. 
fischeri, C. tenuis, C. melleri, C. ellioti, C. arabicus and C. namaquensis. The composi- 
tion of this group clearly demonstrates that this is a paraphyletic group. The relation- 
ship of C. arabicus and C. namaquensis, for instance, lies definitely with the C. 
chamaeleon group (see sections karyology and lungmorphology) that is characterized 
by a synapomorphous multi-rotulae ornamentation. C. arabicus and C. namaquensis 
are the only members of this group that have retained the plesiomorph four rotulae con- 
figuration. Other species that can be expected to lack papillate structures are C. 
adolfifriderici, C. carpenteri, C. spinosus, C. uthmoelleri and C. xenorhinus. Small 
papillae scattered over the apex are found in C. mlanjensis and C. hoehnelii. Rows of 
papillae at the base of each sulcal rotula are found in C. affinis and C. kinetensis. Scat- 
tered papillae or rows of papillae are likely to be found in the related C. chapini, C. 
rudis, C. schoutedeni and C. schubotzi. Simple large papillae at the basis of the sulcal 
rotulae are found in C. oweni and C. werneri. Papillary fields are found in C. bi- 
taeniatus, C. jacksonii, C. cristatus, C. johnstoni, C. montium, C. feae, C. camerunen- 
sis, C. eisentrauti, C. quadricornis and C. wiedersheimi and can be expected in C. pfef- 
feri and C. deremensis. Papillary fields are also found in C. goefzei, C. fuelleborni, C. 
laterispinis and C. tempeli, but then in a combination with very large sulcal rotulae that 
are characteristic of this group. C. incornutus is likely to have the same apical ornamen- 
tation. Similar derived papillate structures in group R and T are considered parallel 
developments in the two independent branches within the four rotulae group. 


The species of group S are characterized by a synapomorphous apical ornamentation 
consisting of pedunculi and auriculae (9). Variation in this group concerns pedunculi 
development, viz. lobe-like, stalk-like and cusped in, for instance, C. tuzetae, C. pardalis 
and C. bifidus respectively and auriculae development, viz. simple, compound and 
doubled in, for instance, C. tuzetae, C. oustaleti and C. bifidus respectively. Papillate 
structures at the sulcal base of the pedunculi may be absent (C. balteatus and C. cam- 
pani), simple (C. polleni, C. oustaleti, C. verrucosus and C. willsii), bifid (C. minor, C. 
petteri and C. tuzetae), or tufted (C. angeli, C. belalandaensis, C. bifidus, C. 
cephalolepis, C. lateralis and C. pardalis). Tufted papillae are likely to be found in C. 
antimena, C. labordi, C. monoceras and C. rhinoceratus as well, considering their af- 
finity to C. angeli. Most species of this group have previously been recognized to be 
related on account of external morphological and karyological data (cf. Brygoo 1971; 
Klaver 1977 and 1981 b). C. bifidus, C. minor, C. willsii and C. balteatus are included 
in this group for the first time. 


No additional papillate structures are found in species of group U; they are, however, 
characterized by a multi-rotulae arrangement (10), that is supposed to have been derived 
from the original four rotulae condition. Within this clearly monophyletic group (C. 
chamaeleon-group) an arrangement of six (C. calyptratus), eight (C. chamaeleon, C. 
africanus, C. dilepis, C. laevigatus, C. quilensis, C. zeylanicus and C. gracilis) and even 
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ten rotulae (C. senegalensis and C. calcaricarens) can be distinguished. A similar multi- 
rotulae arrangement is to be expected in the related C. anchietae and C. monachus. 


COMPARISON WITH OTHER CHARACTER SETS 


In this paragraph our hypothesis concerning the relative plesiomorphy and apomorphy 
of hemipenis characters is tested against similar transformation series in other character 
sets, notably karyology and lungmorphology. Data on osteological characters are scarce 
but sufficiently distributed among species to permit some general conclusions. External 
morphological data will not be discussed within the framework of a transformation 
series, but the congruence and especially the incongruence of the grouping of species 
by these characters as compared with that by hemipenis characters is commented on. 


External morphology 


In the Chamaeleonidae external characters are, as in most other groups of organisms, 
still the most widely employed characters to distinguish species and to establish their 
relationships. The most recent comprehensive studies on external morphology of 
chameleons are those of Hillenius (1959) and Brygoo (1971, 1978). Both authors 
distinguish especially within the genus Chamaeleo groups of species, consisting of 
species that are assumed to be more closely related to one another than to any member 
of other species groups. Hillenius (1963) also considers the relationship between various 
groups of species. The informal subdivision of Chamaeleo by the respective authors 
diverges somewhat, though not essentially, partly because Hillenius does not restrict 
himself to Malagasy species, as does Brygoo, but includes African and Eurasian species 
as well; and partly because Hillenius (1959, 1963), unlike Brygoo, restricts himself to 
the genus Chamaeleo, i. e. does not include the Brookesia species into his considera- 
tions. lt is beyond the scope of this section to analyse and discuss external mor- 
phological characters in detail and at length. It suffices for the present purpose to make 
a comparison of the results of their study with the results of the study of hemipenes 
characters and to comment on the assumed affinity of several Malagasy and African 
species in particular. 


The groups of species as defined with the help of external morphological characters are 
in many cases congruent with the ones that can be distinguished with the help of 
hemipenis characters, e. g. the C. chamaeleon-group, the C. goetzei-group, the C. 
cristatus-group etc. In other cases the outcome of the study of hemipenis characters 
amends the subdivision based on external characters in that it either establishes the af- 
finity of species whose relationship was still unclear, e. g. C. tigris; or unites groups of 
species into more inclusive groups, e. g. C. nasutus cum suis (c. s.), C. gastrotaenia c. s., 
C. brevicornis c. s. and C. tigris are characterized by elongate bifid papillae and C. 
oustaleti c. s., C. rhinoceratus c. s., C. bifidus c. s. as well as C. cephalolepis and C. 
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polleni characterized by pedunculi and auriculae. In still other cases hemipenis 
characters lead like other characters (see other sections below) to conclusions that are 
contrary to the ones based on external morphological characters. One such case is the 
assumed affinity of C. bifidus c.s. of Madagascar with C. fischeri c.s. of Africa 
(Hillenius 1959, 1963). The species of the respective geographical areas resemble each 
other, notably in the possession of a rostral protuberance, but hemipenis ornamentation 
refute the hypothesis of relationship. C. bifidus c. s. have a hemipenis ornamentation 
that is very different from the one possessed by C. fischeri c. s. (pedunculi and auriculae 
versus four rotulae) and, what is more, the apomorph hemipenis characters relate C. 
bifidus c. s. to other Malagasy species instead. Any closer relationship of C. fischeri 
c. s. to other African species remains unclear, because of the relatively plesiomorph 
condition of their hemipenis ornamentation. 


Why should in this case resemblance in hemipenis characters be considered to reflect 
phylogenetic relationship whereas resemblance in external morphological characters 
does not? The answer lies, we think, not so much in the difference of quality of the 
charactersets employed as in the difference in the methods employed. As has been 
demonstrated above we make a comprehensive analysis of hemipenis characters and 
formulate preliminary hypotheses concerning homology and relative apomorphy of 
these characters. Subsequently hypotheses concerning phylogenetic relationship are for- 
mulated. These hypotheses are then compared with the results of similar procedures 
concerning other character sets (see subsequent sections) which leads either to cor- 
roboration or refutation. Hillenius (1959, 1963) and Brygoo (1971, 1978) on the other 
hand do not analyse external morphological characters nor do they put forward 
hypotheses concerning phylogenetic relationship in chameleons in general. Instead they 
compare species and group them according to their similarity to give a short (probably 
too short to do them justice) characterization. As is to be expected this phenetic ap- 
proach sometimes leads to false estimates of relationship and fails to establish existing 
relationships. Just as ‘dissimilarity’ cannot simply be regarded as evidence of the 
absence of phylogenetic relationship, ’similarity’ cannot simply be regarded as evidence 
of the presence of phylogenetic relationship. Not the degree of (dis)similarity is of 
primary importance, but the kind of (dis)similarity. We think the case of C. bifidus and 
C. fischeri c. s. illustrates the inherent shortcoming of this methodology. Synapomor- 
phous hemipenis characters relate C. bifidus c. s. to other Malagasy chameleons instead 
to the continental C. fischeri c. s. Consequently the resemblance in external mor- 
phology has to be regarded as either a symplesiomorphy or a parallel development, or 
our hypotheses concerning hemipenis characters are erroneous. When the data discuss- 
ed so far are evaluated in the context of the whole group (Chamaeleonidae) and not 
in this particular case only we feel that the latter possibility is quite improbable. 
Moreover, we think our view is corroborated when additional character sets are con- 
sidered. We like to stress that we do not imply to say that our view of hemipenis 
character evolution and consequently our view of chameleon phylogeny is the only 
right and possible one. We only think our postulates and hypotheses are such that a 
most plausible and parsimonious explanation of hemipenis characters is given that is, 
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simultaneously, congruent with plausible and parsimonious explanations of data from 
other character sets. This results in the best estimate of chameleon relationship possible 
at present. From the phylogenetic relationship of C. bifidus and other Malagasy species 
as evidenced by hemipenis morphology and the absence of a closer affinity of these 
species to C. fischeri follows that the possession of similar characters as rostral pro- 
tuberances has to be either a symplesiomorphy or parallelism. In this instance we think 
it safe to opt for the latter possibility since the presence of this character appears to 
be apomorphous as compared with the assumed plesiomorph condition in which 
rostral protuberances are absent. 


Analogous to the C. bifidus—C. fischeri case Hillenius (1959, 1963) related the species 
of the Malagasy C. rhinoceratus-group to the Central African C. carpenteri and C. 
xenorhinus, and the species of the Malagasy C. nasutus group to the East African C. 
spinosus and C. tenuis. Although we do not know the hemipenis morphology of C. 
carpenteri and C. xenorhinus we expect it to be very different from the one found in 
C. rhinoceratus c. s. These latter species, too, have a highly derived hemipenis ornamen- 
tation that relates them to other Malagasy species (e. g. C. oustaleti c. s.) and which ap- 
pears to be the result of a long and independent evolutionary process on Madagascar 
(see also Klaver 1977, 1981 b). The relationship assumed by Hillenius is, therefore, 
refuted, which is not surprising for it was never firmly substantiated. The hemipenes 
of C. nasutus are characterized by two pairs of elongate papillae. This apomorph 
character is shared by several other Malagasy species only, that are therefore thought 
to be related. C. tenuis does not possess this character and, consequently, we doubt that 
any resemblance in external morphology between C. nasutus and C. tenuis reflects close 
relationship. Whether these two latter cases of similarity in external morphology are 
to be ascribed to parallelism as well remains to be seen, as the possibility of 
symplesiomorphy cannot be ruled out. 


Resemblance of chameleon species from Madagascar and East Africa are to our opi- 
nion the result of the fact that both chameleon fauna's consist of descendants of the 
same ancestral stock which was subdivided by the separation of Madagascar and Africa 
(see section Zoogeography and Böhme MS). Symplesiomorphies, e. g. four rotulae or- 
namentation and resemblance in gross external morphology (cf. Werner 1911 a); 
parallel developments, e.g. papillate structures and rostral protuberances; and 
apomorph characters unique of species of the respective geographical areas, e. g. 
pedunculi, auriculae and large bifid papillae are all compatible with this evolutionary 
history of the group. The above arguments combined with similar ones in subsequent 
sections are the justification to subdivide the four rotulae group into an African branch 
and a Malagasy branch. 


Karyology 


The karyotypes of 40 chameleon species are known from the studies of Bourgat (1971 a, 
1971 b, 1972, 1973), Brink (1957), De Smet (1981), Matthey (1957, 1961), Matthey & 
Brink (1956, 1960), Robinson (1971) and Wright & Broadley (1973). Originally two dif- 
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ferent patterns were distinguished, viz. a discontinuous karyotype with a clear separa- 
tion between macro- and micro-chromosomes and a continuous karyotype with less or 
no clear separation between macro- and micro-chromosomes. The chromosome 
number of the discontinuous karyotypes is the highest, 2n = 36 = 12M + 24m; that 
of the continuous karyotypes the lowest, 2n = 20 = 18M + 2m. Due to the 
geographical distribution the discontinuous type was called ’continental’ (= African) 
and the continuous type ’insular’ (= Madagascan and Comoran). However, the cor- 
relation between karyotype and geographical area is not complete, since some Malagasy 
species have a continental karyotype and some African species an insular one. Subse- 
quent studies revealed intermediate karyotypes to exist, although a distinction can be 
retained between continuous karyotypes with a high number of macro-chromosomes 
and a small number of micro-chromosomes, and discontinuous karyotypes with a small 
number of macro-chromosomes and a high number of micro-chromosomes separated 
by a clear sizegap. Moreover, the continental-insular distinction was corrected, i.e. 
changed into a correlation between discontinuous karyotypes and a savannah-like 
distribution and between continuous karyotypes and a montane distribution (Matthey 
1970). This correlation was subsequently changed or rather reversed by Bourgat (1973) 
at least as far as Malagasy species were concerned. Discontinuous karyotypes are found 
in the east of Madagascar in humid forests, continuous karyotypes correspond to the 
west of Madagascar, to bush, savannah and caducous forest. 


Matthey (e. g. 1960) observed that the karyotype 2n = 36 = 12M + 24m is not only 
found in the Chamaeleonidae but also in other lizard groups, e. g. Iguanidae, 
Agamidae, Amphisbaenidae and Gerrhosaurinae. He concluded that this resemblance 
could not indicate close relationship and, dismissing the possibility of a joint retained 
primitive character, he assumed it to be the result of convergence. As a consequence of 
this and also in view of his ideas concerning the various processes active during 
chromosome evolution (centric fusion and centric fission) he considered the discon- 
tinuous karyotype to have evolved by an increase of the chromosome number from the 
continuous one. Surprisingly this implied an opposite direction of chromosome evolu- 
tion as has been envisaged by him in the other lizard families mentioned! On the basis 
of the same observations, 1. e. similar karyotypes in different families, Gorman (1973) 
arrived at the opposite conclusion. He considered 2n = 36 = 12M + 24m the primitive 
karyotype and the other ones derived, Bourgat (1973) agreed with this view and con- 
sidered the 12M + 24m karyotype in the Chamaeleonidae the primitive one and the 
other karyotypes, especially the continuous ones derived. Hillenius (1963) tried to 
reconcile the karyotypic information with his hypotheses about primitive characters 
and chameleons. Ironically the species Hillenius considered primitive have a karyotype 
that is primitive neither according to Matthey’s view nor according to Gorman’s and 
Bourgat’s view of chromosome evolution. He had to take pains to fit the karyological 
facts via speculative karyological processes into his hypotheses, not only because Mat- 
they’s view were (with hindsight) incorrect, but his own ideas as well (cf. Klaver 1981 b). 
We think the best thing to do is to try not to explain away the variability in karyotypes 
within the Chamaeleonidae with the help of simple assumptions about undoubtedly 
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complicated karyological processes. Without the purpose to belittle the contributions 
of the cytogeneticists mentioned, our present knowledge of chameleon karyotypes is 
still very limited and superficial. The karyotypic data available consist of the number 
and shape of the chromosomes in less than a third of the species known. These non- 
differentially stained karyotypes do not permit the recognition of identical karyotypes 
of different species as is possible with banding methods. This, in turn, makes 
hypotheses about possible processes of chromosomal evolution hazardous. However, 
more general considerations as to pattern are very well possible. 


We disagree with Matthey’s conclusion that the karyotype the different lizard families 
have in common is the result of convergence. His conclusion resulted from a ques- 
tionable hypothesis of chromosome evolution in chameleons and the failure to ap- 
preciate the relative nature of the notions primitive and evolved. Gorman (1973) sum- 
marized karyotypic data of some 300 species and thought the high incidence of the 12M 
+ 24m karyotype among the various lizard groups sufficient, apart from his process 
hypothesizing, to consider this karyotype the primitive one. We agree with him and 
many subsequent authors that the karyotype 12M + 24m represents a symplesiomor- 
phy that indeed does not indicate close relationship. It does reflect, however, a distant 
common ancestor and a synapomorphy at a higher hierarchical level. 


Table 1 summarizes the karyotypes of the Chamaeleonidae presently known arranged 
according to the total number of chromosomes. The Chamaeleo species with the 
plesiomorph karyotype 12M + 24m all possess a more or less plesiomorph hemipenis 
ornamentation with four rotulae and either without additional papillate structures (C. 
fischeri and C. gastrotaenia) or with papillary fields (the remaining species). Malagasy 
species with a discontinuous but derived karyotype have, as far as is known, also a par- 
tially derived hemipenis ornamentation, 1.e. next to the four rotulae they possess instead 
of papillary fields a pair of elongate bifid papillae (C. brevicornis and C. nasutus). C. 
campani and C. willsii are exceptional in that they have a discontinuous though in- 
termediate karyotype, but a hemipenis ornamentation that is quite different from that 
of two previous species. The ornamentation resembles the one of the remaining 
Malagasy and Comoran species, all of which have a highly derived continuous 
karyotype, and consists of pedunculi, auriculae and either a pair of simple or bifid 
papillae or a pair of tufts of papillae. It would be interesting to obtain more pertinent 
information about the hemipenis ornamentation of C. campani because that may prove 
to be intermediate and give some insight in the origin of pedunculi. Similarly the 
karyological study of the nearest relatives of C. willsii, viz. C. bifidus, C. minor and 
C. petteri may reveal them to possess intermediate karyotypes as well, that in turn may 
facilitate hypothesizing concerning karyotypes. When the karyotypes of these latter 
Species are the same as the one of C. willsii or perhaps even belonging to the continuous 
type the hypothesis of close affinity between C. fischeri and C. bifidus c.s. is disproved 
once again. Moreover, Hillenius (1963) considers the 12M + 24m karyotype found in 
C. parsonii c.s. and C. fischeri c.s. an indication of affinity between the species of the 
C. parsonii-group and the C. bifidus-group. A similar karyotype found in the C 
cristatus-group would, however, lead to a grouping of species that Hillenius thought not 
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Table 1: Known karyotypes of chameleons, arranged according to total number of 
chromosomes. C. oustaleti and C. verrucosus exhibit chromosomal variability. 


composition Malagasy species African species 
(incl. Comoran) 


12M +24m C. gastrotaenia C. cristatus 

C. globifer C. fischeri 

C. oshaughnessyi C. johnstoni 
stumpffi C. wiedersheimi 


12M +22m 
16M+18m 


12M +20m 
18M + 14m 


12M+16m 
14M+14m 
24M +4m 


12M + 14m . campani 


12M + 12m . africanus 
. chamaeleon 
. dilepis 
. namaquensis 
. senegalensis 
. zeylanicus 


gallus C. pumilus 
nasutus 


nasus 
brevicornis 


boettgeri 
willsii 
cephalolepis 


DIAS O 


20M +4m . antimena . biteaniatus 
. lateralis C. hoehnelii 
polleni C. jacksonii 


labordi 


oustaleti 
pardalis 
verrucosus 
angeli 

. oustaleti 
rhinoceratus 
verrucosus 


18M +2m B. marshalli 
B. spectrum 


22M+2m 
20M+2m 


18M +4m 


Pe Oy Oe rer 





to be ”taxonomically plausible” and is therefore regarded a convergence. We argue that 
C. fischeri is not related to the species of the C. bifidus-group and that the 12M + 24m 
karyotype found in various Malagasy and African species is not the result of con- 
vergence but is a retained i.e. symplesiomorph karyotypic condition. 


In Africa the variety of intermediate karyotypes is or rather appears to be much less, 
but we find the karyological synapomorphies in congruence with the hemipenis 
synapomorphies in the C. chamaeleon-group. An exception is C. namaquensis that re- 
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tained the plesiomorph four rotulae condition but possesses the synapomorphous 
karyotype of the group. C. pumilus has a plesiomorph hemipenis ornamentation, a 
condition that is mirrored by its karyotype that differs only slightly from the original 
karyotype. Exceptional are the species of the C. bitaeniatus-group, they are characteriz- 
ed by a highly derived continuous karyotype but their hemipenis ornamentation ap- 
pears to be rather plesiomorph, except for the additional papillate structures. The 
karyotype 2n = 24 = 20M + 4mis also found in several Malagasy species, but as both 
these species and C. bitaeniatus c.s. are related to quite different species because of 
synapomorphies such as hemipenis ornamentation and lung septation this karyological 
resemblance has to be ascribed to parallelism. It would be very instructive to have infor- 
mation about the karyotypes of C. goetzei and allies because we suspect them to have 
karyotypes that are intermediate to the ones of C. cristatus c.s. and C. bitaeniatus c.s. 
The data of Table 1 also illustrate that the correlation between discontinuous 
karyotypes and savannah distribution does not hold for African species since C. 
quadricornis and allies occur in a montane forest habitat despite their discontinuous 
karyotype. 


The karyotypes of the four Brookesia species differ markedly. The Malagasy species 
have plesiomorph discontinuous karyotypes, the African species highly derived con- 
tinuous karyotypes. Unfortunately little can be said about correlation with hemipenis 
ornamentation, except for the bold contention that horns are apomorph in relation to 
crests. We can conclude that there is a fairly good congruence between the polarity of 
the karyological and the hemipeneal transformation series and the grouping of species 
that results from the respective series. 


Osteology 


Osteological studies of chameleons are not only few in number but also limited to a 
small number of species. The studies of Vrolijk (1827), Siebenrock (1893) and Werner 
(1902 b) deal with the complete skeleton of C. chamaeleon, B. superciliaris and B. spec- 
trum respectively. Parker (1881), Boulenger (1886), Fineman (1939, 1941), Brock (1940), 
Engelbrecht (1951), Frank (1951), Visser (1972) and Rieppel (1981) discuss only the skull 
morphology of C. chamaeleon, C. pumilus, C. ellioti, C. melleri and B. platyceps. 
Miscellaneous observations on the osteology of these and a few other species are 
recorded by, for instance, Bauer (1886), Werner (op. cit.) and Methuen & Hewitt (1914). 
As a result we are quite ignorant of the osteological characteristics of the majority of 
chamaeleon species and thus of the variation of these characters that would otherwise 
have permitted a character evaluation. The osteological data known are, however, suffi- 
ciently distributed among species to permit some general inferences as to character 
polarity. 


In B. superciliaris the external naris is bordered by three bones, viz. the nasal, the max- 
illa and the prefontal (Siebenrock 1893). This condition is typical for lizards in general 
and is generally considered plesiomorph. In Chamaeleo species the nasal is excluded 
from the dorsal margin of the external naris, the naris is bordered by the maxilla and 
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the prefrontal only. The nasal borders a prefrontal fontanella together with either the 
frontal and the prefrontal (C. pumilus) or the prefrontal and the maxilla (C. 
chamaeleon c. s., C. melleri etc., Rieppel 1981 a. o.). In B. spectrum and B. platyceps 
an intermediate condition is observed, 1. e. the fontanella and the external naris are not 
completely separated by the excrescences of the prefrontal and the maxilla. This results 
in one large aperture that is narrowed mesially and bordered by the nasal, the frontal, 
the prefrontal and the maxilla (Werner 1902 b and Frank 1951). The incomplete sub- 
division of the enlarged external naris apertures is not due to insufficient ossification 
of a juvenile skull as Rieppel (1981) suggested. Rieppel cogently argued, on the other 
hand, that the condition found in B. platyceps, B. spectrum and the Chamaeleo species 
has been derived from a condition similar to the one found in B. superciliaris (relatively 
small nasal apertures and no fontanellae). 


In C. gastrotaenia, C. hoehnelii, C. namaquensis, C. nasutus, C. pumilus and B. mar- 
shalli, B. platyceps, B. spectrum and B. superciliaris the orbitae are borderd dorsally 
by three bones, viz. the prefrontal, the frontal and the postorbital (Klaver 1981 b and 
personal observations). This condition that is also found in lizards of other families 
(Anguidae, Varanidae, Iguanidae etc.) is generally considered plesiomorph. The condi- 
tion in which the frontal is excluded from the orbital margin by a contact of the prefron- 
tal and the postorbital is thought to be derived. This condition is also found in various 
lizard families, e. g. Agamidae, Anniellidae, Helodermatidae, Pygopodidae and 
Chamaeleonidae (C. chamaeleon, C. dilepis, C. gracilis, C. jacksonii and C. melleri, 
Romer 1956 and Rieppel 1980). The frontal has receded even further in C. pardalis 
resulting in a second set of fontanellae in the dermal roof of the skull (personal obser- 
vation). These frontal fontanellae are bordered medially by the frontal and laterally by 
the orbital margin that consists of the prefrontal and the postorbital. Incidentally, the 
development of superciliary crests in Brookesia species is of course a highly derived 
condition despite the plesiomorph configuration of the component bones. 


A third marked difference in skull architecture is found in the parietal region. B. super- 
ciliaris has a broad flat parietal with two latero-ventral processes (Siebenrock 1893). 
The processes meet the postero-dorsal processes of the squamosals with which they 
border the upper temporal fossae posteriorly. This condition corresponds to the one 
found in other lizards (Brock 1940 and Methuen & Hewitt 1914). In B. spectrum the 
parietal is also broad and flat but without the latero-ventral processes. The posterior 
margin of the upper temporal fossae is entirely made up by the ascending postero- 
dorsal processes of the squamosals (Werner 1902 b). In Chamaeleo we find still other 
parietal structures. C. pumilus has a parietal that is broad but not flat, it extends up- 
wards postero-dorsally to form a casque with a curved median crest. Besides, there are 
two latero-ventral processes that descend to meet the ascending squamosal processes 
halfway the posterior margin of the upper temporal fossae (Parker 1881, Brock 1940 
and Engelbrecht 1951). In C. chamaeleon the parietal is-a very narrow upward curving 
bone that constitutes the median or parietal crest. There are no parietal processes but 
the squamosals extend upwards towards the tip of the parietal where they almost meet. 
This latter type of casque construction has been found in various other species and was, 
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therefore, often thought to be characteristic of chameleons at large. In C. senegalensis, 
C. pardalis and C. namaquensis the parietal is flattened medio-laterally and the 
squamosals actually meet behind the parietal. In C. cristatus, C. montium and C. par- 
sonii the parietal is similar, though not extending postero-dorsally and flattened dorso- 
ventrally at the posterior end, so the squamosals do not meet. Despite this variation 
and the considerable variation is casque height the parietal always seems to be a narrow 
bone without latero-ventral processes in Chamaeleo species (excluding C. pumilus). It 
thus appears that in the Chamaeleonidae there is a fully plesiomorph parietal condition 
(B. superciliaris: broad, flat parietal with processes), a fully apomorph parietal condi- 
tion (probably in the majority of Chamaeleo species: narrow casque forming parietal 
without processes) and two intermediate parietal conditions (B spectrum: broad, flat 
parietal without processes and exactly the reverse condition in C. pumilus: broad, cas- 
que forming parietal with processes). Consequently Rieppel’s contention that there are 
only two basic types of casque construction in chameleons is a simplification that was 
probably caused by his apparent ignorance of Werner’s (1902 b) revealing paper on the 
skeleton of B. spectrum. B. spectrum and also B. platyceps have a parietal that is clearly 
to be distinguished from the one found in Chamaeleo species. 


In these three examples the Malagasy Brookesia species possess the plesiomorph 
character states. The African Brookesia species are plesiomorph as to the orbital 
bordering bones, but are intermediate in case of the other two characters. Chamaeleo 
species generally have the most apomorph character states, i. e. species which are deriv- 
ed in other character sets (hemipenis ornamentation and karyotype) are also apomorph 
in osteological characters. Several chameleon species that are relatively plesiomorph in 
respect to hemipenis and karyological characters (pumilus, gastrotaenia, namaquensis) 
possess also relatively plesiomorph or intermediate osteological character states. It thus 
appears that the direction of character transformation in the osteological character set 
is the same as the one in the karyological and hemipeneal character sets. 


Lung-morphology 


The lung-morphology of the majority of chameleon species is known from the studies 
of Wiedersheim (1886), Milani (1894), Beddard (1907), Werner (1911 a), Methuen and 
Hewitt (1914), Broman (1942), Klaver (1973, 1977, 1979, 1981 b) and Böhme & Klaver 
(1980). In the older literature two types of lungs were distinguished, viz. simple lungs 
without septation or diverticula (C. pumilus) and lungs with a more differentiated 
structure, 1. e. with septation and diverticula (C. chamaeleon a. o. see Klaver 1973). This 
simple dichotomy was proved wrong when a far more elaborate variation in lungstruc- 
ture was established within the Chamaeleonidae (Klaver 1973, 1977, 1979, 1981 b). As 
to the septation five discrete types could be distinguished. Absence of septation was 
established in Brookesia species (Werner 1911 a and Klaver 1979), but the lungs of C. 
pumilus were, contrary to prior opinion, clearly septated with numerous small septa on 
the dorsal and ventral wall of the lungs. The four other types of septation are 
characterized by either one, two or three large septa that run longitudinally through the 
lumen of the lung from the orifice of the bronchus towards posterior. In one type the 
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septa end freely in the lumen, in the three other types the septa continue and curve ven- 
trad to meet the ventral wall of the lung (for more details see Klaver 1981 b). The dif- 
ferent types of septation are not randomly distributed among species but are often 
clearly correlated with groups of related species. 


As to the diverticula no such regularity is found. Although species (-groups) are often 
characterized by shape and number of diverticula, there are exceptions as well, i. e. the 
lungs of closely related species show a very different diverticula composition. C. 
pumilus is not the only chameleon to lack diverticula, the lungs of C. cephalolepis, C. 
guibei, C. fallax, C. spinosus, C. tigris, C. tsaratananensis and C. xenorhinus are also 
non-diverticulate. Moreover, of the twenty Brookesia species examined only four 
African species were found to possess diverticula, viz. B. brachyura, B. brevicaudata, 
B. kerstenii and B. nchisiensis. The absence of diverticula within the Chamaeleonidae 
is considered a symplesiomorphy that correlates with symplesiomorph character states 
in other character sets. An exception is C. cephalolepis that has a derived hemipenis 
ornamentation and karyotype. Most species of the genus Chamaeleo and a few species 
of Brookesia have diverticula, that is thought to be a derived character (Klaver 1981 b). 


Klaver (op. cit.) discussed a transformation series concerning the different septa ar- 
rangements within the Chamaeleonidae. Absence of septa in all Brookesia species is 
considered a symplesiomorphy. The various septation types arose by subsequent evolu- 
tion from the non-septated lungtype. It was argued that the septa arrangement with 
numerous small septa on the dorsal and ventral wall of the lungs was the first to evolve. 
This septation type is found in all Chamaeleo species of Madagascar, the Comores and 
the Seychelles and in a number of African species, viz. C. fischeri, C. mlanjensis, C. 
pumilus, C. spinosus, C. tenuis and C. xenorhinus. This character distribution among 
species correlates with that of the relatively plesiomorph four rotulae ornamentation 
(without additional papillate structures) in African species and all four rotulae and 
pedunculi-auriculae types of ornamentation in the Malagasy, Comoran and Seychelles 
species. The explanation of the occurence of this type of lung septation in species of 
the various geographical areas is the same as the one explaining the occurence of the 
four rotulae condition in species of Madagascar, Africa and the Seychelles. Absence of 
close relationship between species of Madagascar and Africa, combined with the 
established relationship between the species of Madagascar lead to the conclusion that 
resemblance is the result of the fact that both chameleon fauna's consist of descendants 
of the same ancestral stock that was subdivided by the separation of Madagascar and 
Africa. Klaver (1981 b) erroneously stressed that the resemblance is the result of 
parallelism, but it will be clear that the four rotulae ornamentation as well as the multi- 
septa arrangement are symplesiomorphies. Parallelism does occur of course, e. g. 
similar papillate ornaments and rostral protuberances. 


The synapomorph pedunculi-auriculae ornamentation of Malagasy species is not cor- 
related with a different type of septation, all Malagasy species have the same type of 
septation. Conversely, African species with a four rotulae ornamentation accompanied 
by papillate structures did develop septa arrangements of their own. In the species of 
the C. bitaeniatus-group one small and one large septum is connected with the ventral 
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wall of the lung. This synapomorphy is congruent with the derived continuous 
karyotype of this group. In the species of the C. goetzei-group and the C. cristatus- 
group and in C. oweni and C. johnstoni two large septa are connected with the ventral 
wall of the lung. The species of the C. goetzei-group can be distinguished from the 
other species by the large sulcal rotulae that characterize them. C. oweni and C. 
Johnstoni can be included in the C. cristatus-group on account of their lung septation, 
their hemipenis ornamentation (lack of papillary fields as compared with the other 
species) must be considered a retained plesiomorph condition. 


C. melleri has an autapomorph lung septation with three septa connected with the ven- 
tral wall of the lung. Unfortunately the relatively plesiomorph hemipenis ornamenta- 
tion furnishes no clues as to the nearest relative of this apparently isolated species. 


The septation type that is characteristic of the species of the C. chamaeleon-group (two 
large septa ending freely in the lumen of the lung) is correlated with the multi-rotulae 
ornamentation and a derived discontinuous karyotype. C. namaquensis clearly belongs 
to this group as karyotype (Robinson 1979) and lung-morphology (Klaver 1977) in- 
dicate. Like C. arabicus it retained, however, a plesiomorph four rotulae ornamenta- 
tion. 


We can conclude that the two lung characters discussed, viz. diverticula and especially 
septation show a regular modification in extant taxa indicating a direction of modifica- 
tion sequence that is congruent with the polarity of other characters in the same taxa. 


In addition to the observations on lung characters Klaver (1973, 1977, 1981 b), and 
before him Germershausen (1913), discussed the presence of an inflatable gular pouch 
connected with the ventral wall of the larynx in species of the genus Chamaeleo. Their 
observations concord except for C. lateralis in which Germershausen found a gular 
pouch to be present whereas Klaver did not. The presence of a gular pouch was 
established in. species of the C. chamaeleon-group, viz. C. africanus, C. anchietae, C. 
calyptratus, C. chamaeleon, C. dilepis, C. gracilis, C. laevigatus, C. monachus, C. 
namaquensis, C. quilensis, C. senegalensis and C. zeylanicus, and the C. oustaleti- 
group, viz. C. oustaleti, C. verrucosus, C. tuzetae, C. antimena, C. labordi and C. 
rhinoceratus. In the last three species mentioned the gular pouch is only indicated. 
Apart from these two groups of species a gular pouch was also found in four com- 
paratively unrelated species, viz. C. pumilus, C. melleri, C. goetzei and C. cucullatus. 
C. pumilus is relatively plesiomorph in its hemipenis morphology, karyology and 
lungmorphology. The other three species mentioned are, as far as is known, at least par- 
tially more derived. Other species of the C. goetzei-group and the C. cucullatus-group 
do not have a gular pouch. 


The absence of a gular pouch in Brookesia species (Klaver 1979) and in most of the 
relatively plesiomorph Chamaeleo species indicates that the presence of the gular 
pouch is a synapomorphy within the genus Chamaeleo. A few relatively plesiomorph 
species have a gular pouch, but most of the species related to them do not. Truly derived 
species do have a gular pouch although the congruence with other derived characters 
in the C. oustaleti-group is not as complete as in the C. chamaeleon-group. 
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Summarizing this section, in which the various character sets are compared, we think 
we can savely conclude that there is a good congruence in the direction of transforma- 
tion sequence of hemipeneal, karyological, lung-morphological and osteological 
characters and in the grouping of taxa that result from the respective series. Of course, 
there is not an exact congruence, some synapomorph characters are more or less in- 
clusive than their congruent ones. However, the general congruence in polarity of the 
various character sets in approximately the same taxa makes the basic assumptions as 
to each transformation series and the series themselves seem right. 


A madag. 


A afr. 


B madag. 


B afr. 





C 


Fig. 18. Phylogram based on lung-septation characters, changed after Klaver (1981 b). A: no sep- 
tation, B: numerous small septa on dorsal and ventral wall of the lung, C: free-ending longitudinal 
septa, D: three septa connected with the ventral wall of the lung, E: two large septa connected with 
the ventral wall of the lung, F: one small and one large septum connected with the ventral wall 
of the lung. Shading: separation of Madagascar and Africa. 


53 


COMPARISON OF PHYLOGENIES 


Klaver (1981 b, Fig. 27) proposed a phylogeny of chameleons based on lung septation 
characters. This phylogeny is reproduced here (Fig. 18), though it is changed according 
to the text of Klaver’s paper, i. e. lungtypes A and B are split into an African and a 
Malagasy branch. When we compare this phylogeny with the one based on hemipenis 
ornamentation (Fig. 17) we find them to match quite well. 


The synapomorph characters of Brookesia species (dual aspect of the apex ornamenta- 
tion, lack of calyces, crests (group P) and horns (Q, see Fig. 17), are not correlated with 
synapomorph lungcharacters but with the symplesiomorph non-septated type of lung 
(Aafr. and Amadag., Fig. 18). 


The Malagasy branch of the lungtype with numerous small septa on the dorsal and ven- 
tral wall of the lung (Bmadag.) corresponds with the groups R and S, i. e. the differen- 
tiation in hemipenis ornamentation is not mirrored by the lungseptation. As lungtype 
Bmadag. can at this level be regarded a symplesiomorphy the grouping of Fig. 17 (R 
and S) is to be prefered as this is (partly) based on synapomorphies. 


Lungtype C, characteristic of the species of the C. chamaeleon-group, corresponds ex- 
actly with the multi-rotulae ornamentation of this group (U). 


As to the remaining African species the most significant difference is the grouping of 
lungtype Bafr., D, E and F in one group (T) of the hemipenis-cladogram. According 
to Fig. 18, however, groups D, E and F are closer to group C than to group Bafr. Group 
T is characterized by symplesiomorphous hemipenis characters, whereas C, D, E and 
F are characterized by relatively synapomorph lungseptation characters as compared 
with group Bafr. Groups C, D, E and F all have lungtypes with large septa that run 
lengthwise through the lumen of the lung and that, in congruence with the transforma- 
tion series, are thought to have been derived from lungseptation type Bafr. Therefore, 
the grouping of Fig. 18 is preferable to that of Fig. 17. Moreover, the uncertain position 
of C. melleri (D) can be clarified by placing C. melleri closer to the species of groups 
E and F. The reason for this is that in the lungs of several species of these groups, viz. 
C. affinis, C. ellioti, C. schubotzi and C. wiedersheimi a third small ventral septum has 
been recorded that might be homologous with the third large septum of C. melleri 
(Klaver 1977 and Böhme & Klaver 1980). Consequently all species with septa connected 
with the ventral wall of the lung are united into one subgroup. This grouping of D, E 
and F correlates with, for instance, the presence of the synapomorphy annulated horns 
in species of all groups, viz. C. melleri (D), C. deremensis, C. fuelleborni, C. johnstoni, 
C. montium, C. oweni, C. pfefferi, C. quadricornis and C. werneri (E), C. jacksonil (F). 
Combining this information on synapomorphies of the two character sets results in a 
phylogeny of chameleons as depicted in Fig. 19. When we compare the data from the 
section on transformation series we often find them to support this phylogeny, e. g. the 
12M + 12m karyotype characteristic of group C and the 20M + 4m characteristic (?) 
of group F. It should be noted that not all groups are defined by synapomorphies, e. g. 
one of the branches of Bmadag. (corresponding with group R of Fig. 17) and Bafr. 
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Fig. 19. Phylogeny of chameleons. I = lung-septation types (cf. Fig. 18 for explanation), II = 
hemipenis ornamentation types (cf. Fig. 17 for explanation), III = genera, IV = subgenera of 
chameleons, for explanation see text. Shading: separation of Madagascar and Africa. 


Future studies are needed to improve this situation by looking for synapomorphies in 
other character sets or by re-evaluating already studied character sets, notably external 
morphology in the context of this phylogenetic scheme. 


ZOOGEOGRAPHY 


To explain the peculiar distribution pattern resulting from the assumed relationship bet- 
ween various Malagasy and Afrian species of Chamaeleo Hillenius (1959, 1963) had to 
postulate quite a bit of migrating to and fro between Madagascar and Africa. The af- 
finity of the species concerned (C. bifidus-fischeri, C. rhinoceratus-xenorhinus and C. 
nasutus-tenuis) and the migration hypotheses have already been questioned by Klaver 
(1977, 1981 b) on account of lung-morphological data. In this paper the argumentation 
as to the absence of close relationship between African and Malagasy species is endors- 
ed by hemipeneal and karyological characters and it is shown that the relationship of 
at least the Malagasy species concerned lies clearly with other Malagasy species. 


The distribution of species of the two oldest monophyletic groups, viz. Brookesia 
species and Chamaeleo species characterized by a four rotulae ornamentation and a 
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lung septation with numerous small septa on the dorsal and ventral wall of the lungs, 
in Africa and Madagascar is not the result of dispersal across the Mozambique Channel 
by rafting but of the fact that both faunas consist of descendants of the same ancestral 
stock. The ancestral stock was subdivided in an African and a Malagasy branch by the 
formation of the Mozambique Channel (cf. Brygoo 1978). The separate branches evolv- 
ed and diversified in the separate geographical areas which led to endemism (there are 
no species that occur in both Africa and Madagascar) and sometimes to parallel 
developments. Another part of the similarity of Malagasy and African species is caused 
by symplesiomorph characters. 


The separation of Madagascar and Africa by the opening up of the Mozambique Chan- 
nel has been denied, 1. e. assuming the geological fixity of landmasses (Millot 1972) or 
explained by the origin of a geosyncline between otherwise stable landmasses (Förster 
1975). Recently, however, evidence has been accumulated indicating the separation to 
be caused by sea-floor spreading shifting the Malagasy landmass from the Kenya- 
Tanzanian coast southwards to its present position during the Cretaceous (Rabinowitz 
et al. 1983). 


The distribution of the species of the C. chamaeleon-group also makes the dispersal by 
rafting hypotheses unlikely. Species of this group range all over Africa, southern 
Europe, the Near East, the Arabian peninsula, India, and adjacent islands such as Sici- 
ly, Crete, Samos, Rhodos, Cyprus, Sokotra, Zanzibar and Ceylon. Why a member of 
this widely dispersed group would not have succeeded to reach an island as large as 
Madagascar is hard to understand. When the origination of species of this group from 
the African branch of ancestral chameleons (Fig. 17 and Fig. 19) is accepted, however, 
1t becomes clear that species of the C. chamaeleon-group (U) could not reach 
Madagascar because they evolved in Africa, after the Mozambique Channel had open- 
ed up. 


The distribution of C. cephalolepis and C. polleni on the Comores and of C. figris on 
the Seychelles, and their relationship to Malagasy species does also fit in this pattern 
of separation of Madagascar and Africa. C. cephalolepis and C. polleni are thought 
to be related to Malagasy species, notably those of the C. oustaleti-group (Hillenius 
1959, 1963; Brygoo 1971 and Klaver 1981 b). Their hemipenis morphology described in 
this paper confirms this view. It is, therefore, assumed that the Comores and 
Madagascar where in contact quite a long time after they separated from Africa (Klaver, 
op. cit.). The ancestors of C. cephalolepis, C. polleni and the species of the C. oustaleti- 
group evolved on the Comores-Malagasy landmass and were subsequently separated 
when the Comores and Madagascar split up. 


Hillenius (1959) tentatively assumed C. tigris to be related to species of the African C. 
pumilus-group and the C. bitaeniatus-group. On account of this Cheke (1984) had to 
conclude that C. tigris is ”. .. the only Seychelles lizard of an apparently directly 
African origin?’ The rest of the lizard fauna of the Seychelles is typically Malagasy or 
consists of African elements that have reached the islands via Madagascar or the Com- 
ores. The hemipenis ornamentation of C. tigris clearly relates this species to Malagasy 
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chameleons instead of African ones. This makes C. figris to fit in the general 
zoogeographical pattern of the Seychelles. The occurence of C. tigris on the Seychelles 
does not require waif dispersal from Madagascar as an explanation. The Seychelles 
Bank has a remarkable continental structure, 1. e. it is underlaid by continental crust 
and the islands can be regarded a micro-continent that was isolated by the opening up 
of the Indian Ocean. The Seychelles are probably existing separatly from Africa, 
Madagascar and India since the early Tertiary (Braithwaite 1984). Prior to this separa- 
tion the ancestors of C. figris and its Malagasy relatives had established on the land- 
mass of which the present Seychelles and Madagascar were a part. It, thus, appears that 
the distribution of chameleons in Africa, Madagascar, the Comores and the Seychelles 
can be explained concisely by the same major geological processes that were active dur- 
ing the end of Mesozoic and the beginning of the Cenozoic. 


CLASSIFICATION 


In this article we reviewed and evaluated the available information of various character 
sets bearing upon the majority of chameleon species and proposed a phylogeny of 
chameleons in which groups and subgroups are defined as far as possible by shared 
derived characters. Despite imperfections in this phylogeny we think it is justified to 
propose a new (provisional) classification of chameleons in accordance with the 
phylogeny discussed. Not only does this improve our insight into the phylogenetic rela- 
tionships of chameleons, it also makes explicit the main problems for future studies to 
focus on. 


The classification of chameleons has changed comparatively little in the past. Once 
chameleons were considered an order, viz. Rhiptoglossa, but have long since been 
treated as a monophyletic group of family rank within the infra-order Iguania. For a 
detailed familial diagnosis see Dowling & Duellman (1978), Klaver (1981 a) and Estes 
(1983). The intra-familial classification of chameleons has changed more often, 1. e. 
more than the currently recognized two genera Brookesia and Chamaeleo have been 
proposed (e. g. see Klaver 1979 a. 0.). However, these subdivisions have proved to be 
untenable and had to be abandoned. Notorious in this respect are the recurrent at- 
tempts to classify the South African species of the C. pumilus-group in a separate 
genus. The last attempt was made by Raw (1976) who based the resurrection of the 
genus Bradypodion Fitzinger, 1843 almost exclusively on data concerning the South 
African species, thereby neglecting available conflicting data concerning other 
chameleon species. It is, therefore, no surprise that none of his ”generic characters” 
proved to be unique or characteristic for the genus proposed! We adopt and like to em- 
phasize the view that was already expressed by Mertens (1966) that a reclassification of 
chameleons in more genera ”... wäre nur auf Grund einer morphologischen Unter- 
suchung sämtlicher Chamäleon-Arten möglich” (emphasis in original). For 
details of the intra-familial nomenclatorial history see the synonymy-chresonymy list of 
Mertens (op. cit.). 
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The first phylogenetic branching within the Chamaeleonidae (see Fig. 19) is considered 
subfamilial. Two subfamilies are recognized, viz. Brookesiinae and Chamaeleoninae, 
that are characterized by the absence of calyces and a dual apical ornamentation and 
the presence of calyces and a quadruple apical ornamentation respectively. 


The Brookesiinae are subdivided in two groups, viz. a Malagasy and an African group. 
This subdivision coincides with the geographical separation of the species of the respec- 
tive groups by the formation of the Mozambique Channel at the end of the Cretaceous. 
The Malagasy species are classified in the genus Brookesia Gray, 1865 and are 
characterized by the presence of crests on the hemipenis apex; the African species are 
classified in the genus Rampholeon Günther, 1874 and are characterized by the presence 
of horns on the hemipenis apex. Moreover, various osteological and karyological 
characters are presumably characteristic of the respective groups (see the relevant sec- 
tions above). 


The Chamaeleoninae can likewise be subdivided in a Malagasy and an African group. 
These groups cannot be defined by apomorph characters but their justification can be 
inferred from the same geographical separation caused by the formation of the Mozam- 
bique Channel as in the case of the Brookesiinae. Moreover, this point of view is sup- 
ported by preliminary results of an immunological study in which the immunological 
distance between the Malagasy C. pardalis and the African C. dilepis is calculated at 
approximately 60 mybp. (Hofmann, pers. comm.). 


Within the Malagasy group two subgroups can be distinguished, of which one can be 
defined by the synapomorphic pedunculi and auriculae on the hemipenis apex. This 
group is treated here as a genus for which the oldest available name is Furcifer Fitzinger, 
1843, the type species is C. bifidus Brongniart, 1800. The remaining Malagasy species 
are classified under the oldest available generic name Calumma Gray, 1865 with the 
type species C. cucullatus Gray, 1831. The monophyly of this last genus is, however, to 
be demonstrated in future studies as it is not defined by apomorph characters. 


A similar problem is found in the African group of the Chamaeleoninae. One of the 
rami of the phylogeny (Bafr. of Fig. 19) is defined by symplesiomorphies, but we, never- 
theless, treat this group provisionally as a genus. The oldest available generic name is 
Bradypodion Fitzinger, 1843, the type species being C. pumilus Gmelin, 1789. We must 
point out that Bradypodion as used here comprises more species than Bradypodion as 
used by, for instance, Raw (1976). For a systematic list of species see below. 


The remaining African species are characterized by various configurations of large 
longitudinal lung septa that we consider a shared derived condition. The appropriate 
name for this group, which we consider a genus, is due to the inclusions of C. 
chamaeleon (Linnaeus, 1758), Chamaeleo Laurenti, 1768. Within the genus Chamaeleo 
(sensu novo) several subgroups can be distinguished. One is Chamaeleo s. str. con- 
sidered here to represent a subgenus and being defined by synapomorphies such as the 
multi-rotulae configuration, the peculiar lung septation and the 12M + 12m karyotype. 
The plesiomorph four rotulae condition is retained in C. arabicus and C. namaquensis, 
but it does not exclude them from the subgenus as C. namaquensis possesses the other 
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two characteristics of this group, whereas C. arabicus is very likely to possess them as 
well. 


The four rotulae condition is also retained in the remaining African species, which are 
considered a sister-group of Chamaeleo s. str. They are characterized by large septa 
connected with the ventral wall of the lung and the affinity of the three subgroups is 
reflected by the annulated horns found in members of all subgroups. The oldest 
subgeneric name for this group is Trioceros Swainson, 1839, the type species is C. oweni 
Gray, 1831. Within this subgenus C. melleri stands relatively isolated because of its uni- 
que lung septation and has a sister-group status in relation to the species-groups of C. 
bitaeniatus c. s. and C. cristatus c. s. Although within these last two subgroups a further 
differentiation can be made with the help of hemipeneal characters (papillary fields, 
relative size of the sulcal rotulae etc.) and lung septation characters (two large septa or 
one large and one small ventral septum) we shall not incorporate these infra-subgeneric 
subdivisions in the formal nomenclature. The same applies to the infra-generic differen- 
tiation that can be made with the help of hemipeneal papillary structures within Fur- 
cifer and Calumma. 


Summarizing the above consideration results in the following classification: 


Family CHAMAELEONIDAE 


Subfamily Brookesiinae 
Genus Brookesia 


Species included: antoetrae, betschi, bonsi, decaryi, dentata, ebenaui, 
griveaudi, karchei, lambertoni, legendrei, minima, nasus, 
peyrierasi, ramanantsoai, stumpffi, superciliaris, therezieni, 
thieli, tuberculata, vadoni. 


Genus Rhampholeon 


Species included: brachyurus, brevicaudatus, kerstenii, marshalli, 
nchisiensis, platyceps, spectrum temporalis. 


Subfamily Chamaeleoninae 
Genus Calumma 


Species included: boettgeri, brevicornis, capuroni, cucullata, fallax, 
furcifer, gallus, gastrotaenia, globifer, guibei, linota, malthe, 
nasuta, oshaughnessyi, parsonii, peyrierasi, tsaratananensis, 
tigris. 


Genus Furcifer 


Species included: angeli, antimena, balteatus, belalandaensis, bifidus, 
campani, cephalolepis, labordi, lateralis, minor, monoceras, 
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oustaleti, pardalis, petteri, polleni, rhinoceratus, tuzetae, 
verrucosus, willsii. 


Genus Bradypodion 


Species included: adolfifriderici, caffer, carpenteri, damaranum, 
dracomontanum, fischeri, gutturale, karroicum, 
melanocephalum, mlanjense, nemorale, occidentale, pumilum, 
setaroi, spinosum, taeniobronchum, tenue, thamnobates, 
uthmoelleri, ventrale, xenorhinum. 


Genus Chamaeleo 
Subgenus Chamaeleo 


Species included: africanus, arabicus, anchietae, calcaricarens, 
calyptratus, chamaeleon, dilepis, gracilis, laevigatus, 
monachus, namaquensis, quilensis, senegalensis, zeylanicus. 


Subgenus Trioceros 


Species included: affinis, bitaeniatus, camerunensis, chapini, 
cristatus, deremensis, eisentrauti, ellioti, feae, fuelleborni, 
goetzei, hoehnelii, incornutus, jacksonii, johnstoni, 
kinetensis, laterispinis, melleri, montium, oweni, pfefferi, 
quadricornis, rudis, schoutedeni, schubotzi, tempeli, 
werneri, wiedersheimi. 


ZUSAMMENFASSUNG 


In der vorliegenden Arbeit wird die Hemipenismorphologie von 28 Chamaeleo- und 
2 Brookesia-Arten beschrieben. Hemipenismorphologische Angaben über 44 Cha- 
maeleo- und 15 Brookesia-Arten aus der Literatur werden einbezogen. Diese Daten, die 
gemeinsam ca. 70 % der bekannten Chamäleonarten umfassen, werden analysiert und 
diskutiert, d. h., Homologien der Hemipenismerkmale werden aufgezeigt und ihre 
relative Apo- oder Plesiomorphie abgesichert. Sodann wird eine Phylogenie der 
Chamäleons auf der Basis von Hemipenismerkmalen formuliert. Dieses Phylo- 
genieschema wird mit ähnlichen Modellen aufgrund karyologischer, osteologischer und 
lungenmorphologischer Merkmalsgruppen verglichen und in Deckung gebracht. Die 
hieraus resultierende Phylogenie der Chamäleons wird in zoogeographischer Hinsicht 
diskutiert, unter besonderer Berücksichtigung der Vikarianz der madagassischen und 
der afrikanischen Arten. Die gegenwärtige Klassifikation der Chamäleonarten in nur 
2 Gattungen, nämlich Brookesia Gray 1864 und Chamaeleo Laurenti 1768 spiegelt nicht 
die diskutierten stammesgeschichtlichen Beziehungen wider, daher wird folgende 
revidierte Klassifikation vorgeschlagen: Innerhalb der Familie Chamaeleonidae werden 
2 Unterfamilien anerkannt, und zwar die Brookesiinae und die Chamaeleoninae. In- 
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nerhalb der Brookesiinae werden 2 Gattungen, námlich Brookesia und Rhampholeon, 
innerhalb der Chamaeleoninae jedoch 4 Gattungen als valide angesehen, námlich 
Calumma, Furcifer, Bradypodion und Chamaeleo. 


RESUME 


Ce travail décrit la morphologie de l’hémipénis de 28 espèces de Chamaeleo et de deux 
especes de Brookesia puis passe en revue les données de la littérature concernant 44 
espéces de Chamaeleo et 15 de Brookesia. Lanalyse et la discussion de cet ensemble, 
qui concerne environ 70 % des Caméléons connus, conduisent à établir l’homologie des 
structures de l’hémipénis ainsi que leur valeur apo-ou plésiomorphique. D'oú la pro- 
position d’une phylogénie des Caméléons basée sur les caractères hémipéniens. Celle-ci 
est comparée avec les séries établies sur des caractères cariologiques, ostéologiques et 
de morphologie pulmonaire, ce qui permet de mettre en évidence l’accord des tendances 
évolutives. Ces différentes données sont associées pour proposer une phylogénie des 
Caméléons. Celle-ci est discutée à la lumière des hypothèses zoogéographiques, en par- 
ticulier celle concernant la vicariance entre les espèces malgaches et africaines. La 
classification usuelle des Caméléons, qui les sépare en deux genres: Brookesia Gray, 
1864 et Chamaeleo Laurenti, 1768, ne s’accorde pas avec les relations phylogéniques 
étudiées. Il en résulte une révision de la systématique de la famille des Chamaeleonidae 
divisée en deux sous-familles celle des Brookesiiae avec deux genres Brookesia et 
Rhampholeon et celle des Chamaeleoninae avec quatre genres: Calumma, Furcifer, 
Bradypodion et Chamaeleo. 


LITERATURE 


Arnold, E.N. (1973): Relationships of the Palaearctic lizards assigned to the genera Lacerta, 
Algyroides and Psammodromus (Reptilia: Lacertidae). — Bull. Brit. Mus. (Nat. Hist.), Zool. 
25; 291306. 

— (1982): The reptiles and amphibians of Dhofar, Southern Arabia. — Oman Studies, special 
report 2: 2737 332. 

— (1983): Osteology, genitalia and the relationship of Acanthodactylus (Reptilia: Lacertidae). — 
Bull. Brit. Mus. (Nat. Hist.), Zool. 44: 291—339. 

Bauer, G. (1886): Osteologische Notizen über Reptilien. — Zool. Anz. 9: 685—690. 

Beddard, FE. (1907): Contribution to the knowledge of the systematic arrangement and 
anatomy of certain genera and species of Squamata. — Proc. zool. Soc. London 1907: 35—45. 

Böhme, W. (1971): Über das Stachelepithel am Hemipenis lacertider Eidechsen und seine 
systematische Bedeutung. — Z. zool. Syst. Evolutionsforsch. 9: 187—223. 

— (1985): Zoogeographical patterns of the lizard fauna of the African subsaharan savanna belt, 
with preliminary description of a new chameleon. — Proc. Intern. Symp. African Vertebr., 
Bonn, i985, ed.: K. L. Schuchmann: 471—478. 

— (MS). Zur Genitalmorphologie der Sauria: funktionelle und stammesgeschichtliche Aspekte. 

— &Ch. J.J. Klaver (1980): The systematic status of Chamaeleo kinetensis Schmidt, 1943 
(Sauria: Chamaeleonidae) from the Imatong Mountains, Sudan, with comments on lung- and 
hemipenial morphology within the C. bitaeniatus-group. — Amphibia-Reptilia 1: 3—17. 

Bouix, G,&R. Bourgat (1970): Cycle spermatogénétique de Chamaeleo pardalis Cuv. 
de Pile de la Réunion. — Ann. Univ. Madagascar 7: 307—315. 


61 


Boulenger, G. A. (1886): Remarks on Prof. W. K. Parker? paper on the skull of the 
chameleons. — Proc. zool. Soc., London 1886: 543, 

Bourgat, R. M. (1969): Recherches écologiques et biologiques sur le Chamaeleo pardalis 
Cuvier, 1829 de l’Ile de la Réunion et de Madagascar. — Thèse doct. Sci. Montpellier: 211 p. 

— (1971 a): Données nouvelles sur Chamaeleo angeli Brygoo et Domergue, 1968. — Bull. Soc. 
zool., France 96: 235—246. 

— (1971 b): Caryotypes nouveaux de Chamaeleonidae malgaches. Confirmation de Pexistence de 
deux types de garnitures chromosomiques. — C. r. séance. Soc. Biol. 165: 1200—1206. 
— (1972): Caryotypes des Caméléons malgaches et systématique synthése des données ac- 
quises. — Ann. Univ. Madagascar, Sci. 9: 77—85. 

— (1973): Cytogénétique des Caméléons de Madagascar. Incidences taxonomiques, biogéographi- 
ques et phylogénétiques. — Bull. Soc. zool., France 98: 81 —90. 

— & E.R. Brygoo (1968): Apport de l’etude des hemipénis à la systématique du complexe 
Chamaeleo verrucosus Cuvier — Chamaeleo oustaleti Mocquard. — Ann. Univ. Madagascar, 
Sci. 6: 418—424. 

— &Ch. A. Domergue (1971): Notes sur le Chamaeleo tigris Kuhl, 1820 des Seychelles. — 
Ann. Univ. Madagascar, Sci. 8: 235—244. 


Braithwaite, C. J. R. (1984): Geology of the Seychelles. In: Biogeography and ecology 
of the Seychelles Islands, ed.: D. R. Stoddart, Junk, The Hague: 17—38. 

Branch, W. R. (1982): Hemipeneal morphology of Platynotan lizards.— J. Herpetol. 16: 
16—38. 

Brink, J. M. van (1957): Vergelijkend karyologisch onderzoek van het genus Chamaeleon. 
Genen en phaenen 2: 35—40. 

Broadley, D.G. (1971): A review of Rhampholeon marshalli Boulenger with the description 
of a new subspecies from Mozambique (Sauria: Chamaeleonidae). — Arnoldia 5: 1—6. 
‚Brock, G. T. (1940): The skull of Lophosaura ventralis (Gray); some developmental stages. 

— Proc. zool. Soc., London 110: 219—241. 

Broman, I. (1924: Über die Embryonalentwicklung der Chamäleon-Lungen. — Gegen- 
bauers Morphol. Jb. 87: 490—535. 

Brygoo, E. R. (1971): Reptiles Sauriens Chamaeleonidae. Genre Chamaeleo. In: Faune de 
Madagascar 33: 1—318, ORSTOM et CNRS, Paris. 

— (1978): Reptiles Sauriens Chamaeleonidae. Genre Brookesia et complément pour le genre 
Chamaeleo. In: Faune de Madagascar 47: 1—173, ORSTOM et CNRS, Paris. 

— , Ch. P Blanc & Ch. A. Domergue (1970): Notes sur les Chamaeleo des 
Madagascar. VI. C. gastrotaenia marojezensis n. subsp. d'un massif montagneux du nord-est. 
— Ann. Univ. Madagascar, Sci. 7: 273—278. 

— ,— & — (1972 a): Notes sur les Brookesia (Chaméléonidés) de Madagascar. VII. Brookesia de 
l’Andringitra: observations sur B. nasus Boulenger, 1887; description de B. n. pauliani n. subsp. 
— Bull. Mus. hist. nat., Paris ser. 3, 56, zool. 42: 591—600. 

— , — € — (1972 b): Notes sur les Chamaeleo de Madagascar. X. Deux nouveaux Chaméléons 
des hauts sommets de Madagascar: C. capuroni n. sp. et C. gastrotaenia andringitraensis n. 
subsp. — Bull. Mus. hist. nat., Paris ser. 3, 56, zool. 42: 601 —613. 

— , — & — (1973): Notes sur les Chamaeleo de Madagascar. XI. Un nouveau caméléon de 
Ankaratra: C. brevicornis hilleniusi n. subsp. — Bull. Soc. zool., France 98: 113—120. 

— , — & — (1974 a): Notes sur les Chamaeleo de Madagascar. XII. Caméléons du Marojezy. C. 
peyrierasi n. sp. et C. gastrotaenia guillaumeti n. subsp. (Reptilia, Squamata, Chamaeleonidae). 
— Bull. Acad. malgache (1973) 51: 151—166. 

— , — € — (1974 b): Notes sur les Brookesia de Madagascar. VII. Brookesia du Marojezy. B. 
betschi et B. griveaudi n. sp. (Reptilia, Squamata, Chamaeleonidae). — Bull. Acad. malgache 
(1973) 51: 167—184. 

—,R. Bourgat &Ch. A. Do m er gue (1972): Notes sur les Chamaeleo de Madagascar. 
C. tuzetae n. sp., nouvelle espèce du sud-ouest. — Bull. Mus. hist. nat., Paris ser. 3, 27, zool. 
21: 133—140. 


62 


— & Ch. A. Domergue (1966): Notes sur Chamaeleo willsii Günther 1890 et description 


d'une sous-espèce nouvelle: C. willsii petteri n. ssp. — Bull. Mus. hist. nat., Paris ser. 2, 38: 
353= 361. 
— & — (1968): Description d'un nouveau Brookesia de Madagascar: B. vadoni n. sp. 


(Chaméléonidés). — Bull. Mus. hist. nat., Paris ser. 2, 40: 677—682. 

— & — (1969 a): Description du mâle de Chamaeleo willsii petteri Brygoo et Domergue, caméléon 
du nord de Madagascar. — Bull. Mus. hist. nat., Paris ser. 2, 40: 891—896. 

— € — (1969 b): Un Brookesia des forêts orientales de Madagascar, B. fhieli n. sp. 
(Chaméléonidés). — Bull. Mus. hist. nat., Paris ser. 2, 40: 1103—1109. 

— & — (1969 c): Chamaeleo balteatus Dum. et Bib. (in C. et A. Duméril, 1851) n'est pas 
synonyme de C. bifidus Brongniart, 1800. Description du mâle. Diagnostic des espèces du 
groupe parsonii. — Bull. Mus. hist. nat., Paris ser. 2, 41: 104—116. 

— & — (1969 d): Notes sur les Brookesia de Madagascar. IV. Une série de petits Brookesia de 
Nosy Mangabé (Chaméléoidés). — Bull. Mus. hist. nat., Paris ser. 2, 41: 833—841. 

— & — (1970 a): Notes sur les Brookesia de Madagascar. Description de deux espéces nouvelles: 
B. lambertoni n. sp. et B. therezieni n. sp. (Chaméléonidés). — Bull. Mus. hist. nat., Paris ser. 
2, 41: 1091 —1096. 

— & — (1970 b): Notes sur les Chamaeleo de Madagascar. C. belalandaensis n. sp., Caméléon 
du Sud-ouest. — Bull. Mus. hist. nat., Paris ser. 2, 42: 305—310. 

— & — (1970 c): Notes sur les Chamaeleo de Madagascar. C. brevicornis Günther, 1879, 
tsarafidyi nov. subsp. Les hémipénis des caméléons du groupe brevicornis. — Bull. Mus. hist. 
nat., Paris ser. 2 42: 311—320. 

— & — (1971): Notes sur les Brookesia (Chaméléonidés) de Madagascar. Description d'une espèce 
nouvelle, B. antoetrae n. sp. et des hémipénis de B. stumpffi et B. ebenaui. Remarques sur la 
répartition de B. stumpffi. — Bull. Mus. hist. nat., Paris ser. 2, 42: 830—838. 

— & — (1975): Notes sur les Brookesia de Madagascar. IX. Observations sur B. tuberculata Moc- 
quard, 1894. B. ramanantsoai sp. nov. et B. peyrierasi nom. nov. (Reptilia, Squamata, 
Chamaeleonidae). — Bull. Mus. hist. nat., Paris ser. 3, 267, zool. 189: 1769—1782. 


Camp, Ch. L. (1923): Classification of the lizards. — Bull. Am. Mus. nat. hist. 48: 289—435. 

Cheke, A. S. (1984): Lizards of the Seychelles. In: Biogeography and ecology of the Seychelles 
Islands. ed.: D. R. Stoddart, Junk, The Hague: 331 —360: 

Cope, E. D. (1894): The classification of snakes. — Amer. Nat. 28: 831—844. 

— (1895): The classification of the Ophidia. — Trans. Amer. Philos: Soc. 14:1186 T219 

— (1896): On the hemipenis of the Sauria. — Proc. Acad. nat. sci., Philadelphia 48: 461 —467. 


De Smet, W. H. O. (1981): Description of the orcein stained karyotypes of 27 lizards species 
(Lacertilia, Reptilia) belonging to the families Iguanidae, Agamidae, Chamaeleontidae and Gek- 
konidae (Ascalabota). — Acta zool. pathol., Antwerp. 76: 35—72. 

Domergue, Ch. A. (1965): Observations sur les hémipénis des Ophidiens et Sauriens de 
Madagascar. — Bull. Acad. malgache 41: 21—23. 

Dowling, HG,&W.E. Duellman (1978): Systematic herpetology: a synopsis of 
families and higher categories. — HISS-publ., New York. 

— &J.M. Savage (1960): A guide to the snake hemipenis: a survey of basic structure and 
systematic characteristics. — Zoologica, N. Y. 45: 17—28. 

Duellman, W.E.,T. Fritts &A.E. Leviton (1978): Museum acions uc 
Review 9: 5—9 

Engelbrecht, D. van Z. (1951): Contribution to the ranial morphology of the chameleon 
Microsaura pumila Daudin. — Ann. Univ. Stellenbosch, A, 27: 4—31. 

Estes, (1983): Sauria terrestria, Amphisbaenia. In: Handbuch der Paláoherpetologie, 10A, 
ed.: P. Wellnhofer, Fischer, Stuttgart, 249 p. 

Fineman, G. (1939): Entwicklungsgeschichte des Kopfskeletts bei Chamaeleon bitaeniatus 
ellioti. — Gegenbauers Morph. Jb. 83: 544—568. 

— (1941): Zur Entwicklungsgeschichte des Kopfskeletts bei Chamaeleon bitaeniatus ellioti. — 
Gegenbauers Morph. Jb. 85: 91—114. 


63 


Forster, R. (1975): The geological history of the sedimentary basin of southern Mozambi- 
que, and some aspects of the origin of the Mozambique Channel. — Palaeogeogr. 
Palaeoclimat. Palaeoecol. 17: -267—287. 

Frank, G. H. (1951): Contribution to the cranial morphology of Rhampholeon platyceps 
Günther. — Ann. Univ. Stellenbosch, A, 27: 33—67. 

Germershausen, G. (1913): Anatomische Untersuchungen úber den Kehlkopf der 
Chamaeleonen. — Sitzber. Ges. Naturf. Freunde, Berlin 1913: 462—535. 

Gorman, G.C. (1970): The chromosomes of the Reptilia: a cytotaxonomy, eds.: E. Capanna 
& B. Chiarelli, Acad. Press, London: 349—424. 


Hillenius, D. (1959): The differentiation within the genus Chamaeleo Laurenti, 1768. — 
Beaufortia 8, (89): 1—92. 

— (1963): Comparative cytology: aid and new complications in Chamaeleon-taxonomy. — 
Beaufortia 9, (108): 201—218. 

— (1966): Notes on chameleons III. The chameleons of southern Arabia. — Beaufortia 13, (156): 
91 —108. 

Henke, J. (1975): Vergleichend-morphologische Untersuchungen am Magen-Darm-Trakt der 
Agamidae und Iguanidae (Reptilia-Lacertilia). — Zool. Jb. Anat. 94: 505—569. 


Klaver, Ch. J. J. (1973): Lung-anatonomy: aid in chameleon-taxonomy. — Beaufortia 20, 
2692155177. © 

— (1977): Comparative lung-morphology in the genus Chamaeleo Laurenti, 1768 (Sauria: 
Chamaeleonidae) with a discussion of taxonomic and zoogeographic implications. — Beaufor- 
Mares 327): 167—199. 

— (1979): A review of Brookesia systematics with special reference to lung-morphology (Reptilia: 
Sauria: Chamaeleonidae). — Bonn. zool. Beitr. 30: 162—175. 

— (1981 a): Chamaeleonidae. Chamaeleo chamaeleon (Linnaeus, 1758) — Gemeines oder 
gewóhnliches Chamáleon. In: Handbuch der Reptilien und Amphibien Europas. ed.: W. 
Böhme, I: 217—238. 

— (1981 b): Lung-morphology in the Chamaeleonidae (Sauria) and its bearing upon phylogeny, 
systematics and zoogeography. — Z. zool. Syst. Evolutionsforsch. 19: 36—58. 


Mon A. E, R McDiarmid, S Moody, M Nickerson, J. 
Rosado, O. Sokol &H. Voris (1980): Museum acronyms — second edition. — 
Herp. Review 11: 93—102. 

Loveridge, A. (1953): Zoological results of a fifth expedition to East Africa. III. Reptiles 
from Nyassaland and Tete. — Bull. Mus. comp. zool. 110: 141—322. 


McCann, C. (1949): The hemipenis in reptiles. — J. Bombay nat. hist. Soc. 46: 344—373. 

Matthey, R. (1957): Cytologie comparée et taxonomie des Chamaeleontidae (Reptilia- 
Lacertilia). — Rev. suisse zool. 64: 709—732. 

— (1961): La formule chromosomique et la position systématique de Chamaeleo gallus Günther 
(Lacertilia). — Zool. Anz. 166: 153—159. 

— (1970): Les chromosomes des reptiles. In: Traité de Zoologie, ed.: P. P. Grassé, Mason, Paris, 
14: 709—732. 

— &J.M. van Brink (1956): Note préliminaire sur la cytologie chromosomique comparée 
des Caméléons. — Rev. suisse zool. 63: 241—246. 

— & — (1960): Nouvelle contribution a la cytologie comparée des Chamaeleontidae (Reptilia- 
Peru} — Bull. Soc. vaud. sci. nat. 67: 333—348. 

Mertens, R. (1966): Chamaeleonidae. — Das Tierreich 83: 1—37. 

Methuen, RA, & J. Hewitt (1914): Contribution to our knowledge of the anatomy 
of chameleons. — Trans. roy. Soc., S.A. 4: 89—104. 

Millot, J. (1972): In conclusion. In: Biography and ecology in Madagascar. eds.: R. Battistini 
and G. Richard-Vindard, Junk, The Hague: 741—756. 


Parker, W. K. (1881) On the structure of the skull in the chameleons. — Trans. zool. Soc. 
London 11: 77—105. 


64 


Rabinowitz, P. D, M.E Coffin & D. Falvey (1983): The separation of 
Madagascar and Africa. — Science 220: 67—69. 

Ramanantsoa, G. A. (1978): Contribution á la connaissance des Chamaeleonidae 
malgaches (Reptilia, Squamata). II. Données nouvelles sur Chamaeleo minor A. Giinther, 
1879. Statut de C. willsii petteri E. R. Brygoo et Ch. A. Domergue, 1966. Etude des hemipénis 
et de la répartition géographique du groupe bifidus. — Bull. Mus. hist. nat., Paris ser. 3, 510, 
zool. 351: 91103. 

— (1980): Description de deux nouvelles espèces de Brookesia (Reptilia, Squamata, 
Chamaeleonidae): B. legendrei et B. bonsi. — Bull. Mus. hist. nat., Paris ser. 4, 1, section A: 
685 —693. 

Raw, L. R.G. (1976): A survey of the dwarf chameleons of Natal, South Africa, with descrip- 
tion of three new species. — Durban Mus. Nov. 11: 139—161. 

Rieppel, O. (1980): The phylogeny of Anguinomorph lizards. — Denkschr. schweiz. natur- 
forsch. Ges. 94: 1—86. 

— (1981): The skull and adductor musculature in chamaeleons. — Rev. suisse zool. 88: 433—445. 

Robinson, M. D. (1979): Karyology, phylogeny and biogeography of the Namaqua 
chamaeleon, Chamaeleo namaquensis Smith, 1831 (Chamaeleonidae, Sauria). — Beaufortia 
28, (349): 153—156. 

Romer, A.S. (1956): Osteology of the reptiles. — Chicago Univ. Press, 772 p. 

Siebenrock, F. (1893): Das Skelett von Brookesia superciliaris Kuhl. — Sber. Akad. Wiss., 
Wien 102: 71—118. 

Visser, J. G. J. (1972): Ontogeny of the chondrocranium of the chamaeleon Microsaura 
pumila pumila (Daudin). — Ann. Univ. Stellenbosch, A, 47: 1—68. 

Vrolijk, W. (1827): Natuur- en ontleedkundige opmerkingen over den chameleon. — Meyer 
Warnars, Amsterdam, 96 p. 

Werner, E (1902 a): Prodromus einer Monographie der Chamáleonten. — Zool. Jb. Syst. 15: 
295 — 460. 

— (1902 b): Zur Kenntnis des Skelettes von Rhampholeon spectrum. — Arb. zool. Inst. Univ. 
Wien 14: 241 —258. 

— (1911 a): Beitráge zur Anatomie einiger seltenerer Reptilien mit besonderer Beriicksichtigung 
der Atmungsorgane. — Arb. zool. Inst. Univ. Wien 19: 373—424. 

— (1911 b): Chamaeleontidae. — Das Tierreich 27: 1—52. 

Wiedersheim, R. (1886): Das Respirationssystem der Chamaeleoniden. — Ber. natur- 
forsch. Ges. Freiburg i. Br. 1, (3): 1—15. 

Wright, J. W, & D. G. Broadley (1973): Chromosomes and the status of Rham- 
pholeon marshalli Boulenger (Sauria: Chamaeleonidae). — Bull. Sth. Calif. Acad. Sci. 72: 
164—165. 


Authors” address: 


Drs. Charles Klaver, University Library, State University Groningen, Postbus 559, NL-9700 AN, 
Groningen, The Netherlands. 


Dr. Wolfgang Bóhme, Zoologisches Forschungsinstitut und Museum Alexander Koenig, 
Adenauerallee 150—164, D-5300 Bonn 1, Bundesrepublik Deutschland 


© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/; www.zoologicalbulletin.de; www.biologiezentrum.z 


In der Serie BONNER ZOOLOGISCHE MONOGRAPHIEN sind erschienen: 


IR 


2. 


13. 
14. 


15. 


20. Nilson, 





Naumann, C.M.: Untersuchungen zur Systematik und Phylogenese der holark- 
tischen Sesiiden (Insecta, Lepidoptera), 1971, 190 S., DM 35,— 

Ziswiler, V., H.R. Gúttinger & H. Bregulla: Monographie der Gattung 
Erythrura Swainson, 1837 (Aves, Passeres, Estrildidae). 1972, 158 S., 2 Tafeln, 
DM 35,— 


. Eisentraut, M.: Die Wirbeltierfauna von Fernando Poo und Westkamerun. 


Unter besonderer Berücksichtigung der Bedeutung der pleistozánen Klimaschwan- 
kungen fiir die heutigen Faunenverteilung. 1973, 428 S., 5 Tafeln, DM 45,— 


. Herrlinger, Die Wiedereinbiirgerung des Uhus Bubo bubo in der Bundes- 


republik Deutschland. 1973, 151 S., DM 25,— 


. Ulrich, H.: Das Hypopygium der Dolichopodiden (Diptera): Homologie und 


Grundplanmerkmale. 1974, 60 S., DM 15,— 
Jost, O.: Zur Ökologie der Wasseramsel (Cinclus cinclus) mit besonderer Berück- 
sichtigung ihrer Ernáhrung. 1975, 183 S., DM 27,— 


. Haffer, J.: Avifauna of northwestern Colombia, South America. 1975, 182 S., 


Ss — 


. Eisentraut, M.: Das Gaumenfaltenmuster der Sáugetiere und seine Bedeutung 


für stammesgeschichtliche und taxonomische Untersuchungen. 1976, 214 S., 
DM 30,— 


. Raths, P., & E. Kulzer: Physiologie of hibernation and related lethargic states 


in mammals and birds. 1976, 93 S., 1 Tafel, DM 18,— 

Haffer, J.: Secondary contact zones of birds in northern Iran. 1977, 64 S., 1 Falt- 
tafel, DM 16,— 

Guibé, J.: Les batraciens de Madagascar. 1978, 144 S., 82 Tafeln, DM 35,— 
Thaler, E.: Das Aktionssystem von Winter- und Sommergoldháhnchen (Regulus 
regulus, R. ignicapillus) und deren ethologische Differenzierung. 1979, 151 S., 
DM 25,— 

Homberger, D.G.: Funktionell-morphologische Untersuchungen zur Radiation 
der Ernáhrungs- und Trinkmethoden der Papageien (Psittaci). 1980, 192 S., 
DM 30,— 

Kullander, S.O.: A taxonomical study of the genus Apistogramma Regan, with 
a revision of Brazilian and Peruvian species (Teleostei: Percoidei: Cichlidae). 1980, 
152 S., DM 25,— 

Scherzinger, W.: Zur Ethologie der Fortpflanzung und Jugendentwicklung des 
Habichtskauzes (Strix uralensis) mit Vergleichen zum Waldkauz (Strix aluco). 1980, 
66 S., DM 16,— 


. Salvador, A.: A revision of the lizards of the genus Acanthodactylus (Sauria: 


Lacertidae). 1982, 167 S., DM 30,— 


. Marsch, E.: Experimentelle Analyse des Verhaltens von Scarabaeus sacer L. beim 


Nahrungserwerb. 1982, 79 S., DM 15,— 


Hutterer, R, & DC.D. Happold: The shrews of Nigeria (Mammalia: 


Soricidae). 1983, 79 S., DM 15,— 


9. Rheinwald, G. (Hrsg.): Die Wirbeltiersammlungen des Museums Alexander 


Koenig. va 239 S., DM 48,—. 
GIR C. Andrén: The Mountain Vipers of the Middle East — the 
Vipera lina complex (Reptilia, Viperidae). 1986, 90 S., DM 18,— 








l. Kumerloeve, H.: Bibliographie der Säugetiere und Vögel der Türkei. 1986, 


132 S., DM 30,— 
. Klav er, C. & W. Böhme: Phylogeny and Classification of the Chamaeleonidae 
© (Gauri) with Special Reference to Hemipenis Morphology. 1986, 64 S., DM 16,— 





BONNER ZOOLOGISCHE BEITRAGE 


Die Zeitschrift wird vom Zoologischen Forschungsinstitut und Museum Alexander 
Koenig herausgegeben und dient der Veróffentlichung von Originalbeitrágen zur 
speziellen Zoologie einschlieBlich ihrer Teil- und Nachbargebiete, wie Systematik und 
Evolutionsforschung, Tiergeographie, vergleichende Anatomie und Physiologie, 
vergleichende Verhaltensforschung, Biologie und Ökologie. Mit Rücksicht auf die 
Sammlungen und Ziele des Museums werden Arbeiten über Wirbeltiere und Arthropo- 
den bevorzugt angenommen. 


Die Zeitschrift erscheint jährlich in 4 Heften, die zu Doppel- oder Dreifachheften 
zusammengefaßt sein können. Der Bezugspreis muß mit Beginn des laufenden Jahres 
erhöht werden und beträgt jetzt 20,— DM je Heft bzw. 80,— DM je Jahrgang 
(einschließlich Versandspesen). Verfasser erhalten 50 Sonderdrucke ihrer Aufsätze 
unberechnet und können weitere gegen Erstattung der Herstellungskosten beziehen. 


Die Verfasser von Beiträgen werden gebeten, ihre Korrespondenz an die Schriftlei- 
tung zu richten. Für die Bearbeitung von Kaufaufträgen und den Zeitschriftentausch 
ist die Bibliothek des Instituts zuständig. — Anschrift: Zoologisches Forschungsinstitut 
und Museum Alexander Koenig, Adenauerallee 150—164, D-5300 Bonn 1. 


Myotis. Mitteilungsblatt für Fledermauskundler 


Mit der Übernahme der Fledermaus-Beringungszentrale für die Bundesrepublik 
Deutschland und Österreich wurde die Herausgabe eines Mitteilungsblattes aktuell, das 
neben Originalarbeiten Berichte über Forschungsergebnisse aus dem europäischen 
Raum, Informationen zum nationalen und internationalen Fledertierschutz und Über- 
sichten über die neuere Literatur gibt. Die Zeitschrift erscheint in Jahresheften, deren 
Preis sich nach dem Umfang richtet; die Jahrgänge 18 und 19 sind zu einem Doppel- 
band zusammengefaßt. Lieferbar sind die Bände 8 (1970), 9 (1971) und 11 (1973) bis 17 
(1979) zum Preis von je 20,— DM, Band 18/19 (1980/81) zu 28,— DM, Band 20 (1982) 
zu 15,— DM, Band 21/22 (1983/84) zu 26,— DM und Band 23/24 (1985/86) zu 
30,— DM, alle Preise einschließlich Versandkosten. Bestellungen sind unter der 
Bezeichnung ,,MYOTIS” an das Institut zu richten. 


ZOBODAT - www.zobodat.at 


Zoologisch-Botanische Datenbank/Zoological-Botanical Database 
Digitale Literatur/Digital Literature 

Zeitschrift/Journal: Bonner zoologische Monographien 

Jahr/Year: 1986 

Band/Volume: 22 


Autor(en)/Author(s): Klaver Charles, Bohme Wolfgang 


Artikel/Article: Phylogeny and classification of the Chamaeleonidae 
(Sauria) with special reference to Hemipenis morphology 1-64 


